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ABSTRACT 


The primary purpose of this study was to investigate the effect 
of similarity on learning. 

An explication of the phenomenon of similarity led to the con- 
clusion that similarity, being a relationship between two or more stim- 
ulus objects, has a potential for organization. It was then argued that 
if the subjects do not primarily learn by rote but look for ways to or- 
ganize the material that they are to learn and if organization facili= 
tates learning, then similarity should facilitate learning. However, an 
examination of the literature indicated that this was only true under 
certain conditions with meaningful materials. The effect of formal sim- 
ilarity was primarily negative. 

Some of these effects were explained in terms of an interaction 
between the variables of similarity and learning conditions. However, it 
was argued, even under the most favourable learning conditions it would 
be unlikely that high formal similarity would lead to facilitation as 
long as the organizational potential was low. The formal similarity def- 
inition as it was stated did not take into account the spatial relation- 
ships among the elements of a stimulus object, nor did it consider their 
sequential constraints. As a result it was possible to construct two lists 
equal in formal similarity but differing in organizational potential. A 
new definition of similarity for nonsense syllables was formulated in terms 
of the three parameters of organizational potential so that similarity 


and organizational potential would vary directly. It was hypothesized that 
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performance on the list high in organizational potential (high similarity) 
would be superior to the performance on the list low in organizational 
potential (low similarity). 

The effect of similarity on learning was investigated by means 
of a free recall experiment. Three lists equal in formal similarity but 
differing in terms of the new similarity definition were constructed. A 
fourth list, designated the no-similarity list, consisted of twelve dif- 
ferent items. All trigrams were presented to the subjects simultaneously 
on the first trial. Each learning trial consisted of a two minute study 
period followed by a one minute recall period. After five, ten, or fif- 
teen trials the subjects checked their last written recall. If all 
twelve items were correct they went on to the Questionnaire, if not, they 
continued for five more trials up to a maximum of fifteen trials. 

The major findings supported the hypothesis that similarity (def- 
ined in terms of organizational potential) facilitates learning under 
free recall conditions. Therefore, a high degree of formal similarity 
does not necessarily hinder learning. The latter effect is only obtained 
if high formal similarity is combined with low organizational potential. 
Under conditions of high organizational potential formal similarity was 
found to facilitate learning. Since the new definition of similarity for 
nonsense syllables was stated in terms of organizational potential and 
varied directly with it, the results may be restated as follows: Perform- 
ance varies directly with similarity (new). 

The study also found that performance on the no-similarity lists 
was superior to that on the low similarity lists but inferior to that on 
the high similarity lists (although the latter differences were not sta- 
tistically significant). These results were interpreted in terms of the 


three parameter mddel of organizational potential. It was argued that 
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since the high, low, and no-similarity lists could be placed at the 
three vertices of the organizational potential space there was no 
reason to expect performance to decrease linearly from high simi- 


larity to no-similarity. 
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Chapter 1 
INTRODUCTION 


The phenomenon of similarity has interested thinkers for over 
2000 years. During that time it has been considered a principle of 
association (James, 1891), and a principle of perceptual organization 
(Koffka, 1935). Plato discussed the related concept of ‘identity' in 
Parmenides, and Hume (1748) wrote about the similarity between ideas. 
With the growth of knowledge and science it has taken on a new sig- 
nificance. As Noble (1957) pointed out, problems concerning simi- 
larity can be encountered in such diverse areas as comparative biology, 
anthropology, and genetics; business and industry, particularly in 
cases such as patent, copyright or trade-mark litigation; and in 
education where researchers have stressed its role in concept forma- 
tion, language development, reasoning, thinking and learning. The 
last, however, is the most important since it is the foundation on 
which the others have been built. 

The role of similarity in learning takes on an added signi- 
ficance in science teaching since science as a body of knowledge and 
as a process, is highly dependent on similarity. Therefore, if the 
teaching of science is to reflect the process and nature of science, 
a clear understanding of similarity and its role in the process of 
scientific investigation and theory construction is necessary. 
Furthermore, since science deals with the physical universe and simi- 


larity is a definite and ubiquitous part of that universe, science is 
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also intrinsically concerned with similarity in nature at all levels 
of research and theory building. However, before the relationship 
between similarity and creative scientific endeavour can be under- 
stood and thus conveyed to the students, it is necessary to iene a 
clear idea of the nature of each component in the relationship. 

Since it is no longer regarded as satisfactory to teach science only 
as a body of knowledge but rather as a process, it is no longer pos- 
sible to teach science as just a systematic technique of experimental 
verification. Science teaching has to reflect the excitement of 
creative experience, and it is here that similarity plays a paramount 
role. However, exactly how creativity occurs and what its relation- 
ship is to similarity is not yet fully understood. Nevertheless, if 
the teachers are to structure meaningful scientific learning exper- 
iences for the students the relationship between similarity and crea- 
tivity has to be understood and this can be done by first trying to 
understand each phenomenon separately. 

Similarity, however, has a second role in science education 
which is common to all other subjects taught in the school, namely 
its role as a learning tool. Bruner (1959) indicated that learning 
consists of being able to identify recurrent regularity in the envir- 
onment, indentification of which requires the construction of a model. 
Thus superior learning would depend on how well a given student was 
able to identify regularity. However, since regularity is a pattern 
created by the relationship between similarities and differences, suc- 
cessful learning should depend on the ability to perceive the simi- 
larities, that is, to abstract them from the "sround'. The percep- 


tion of the similarities among ideas, concepts, and theories can 
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lead to a structuring and organization of these into meaningful and 

useful wholes. The knowledge of many unrelated 'facts' is not only 

difficult to attain but is relatively unprofitable in the age of the 
computer library. On the other hand, the formation of a useful and 

comprehensive understanding of science, its processes, and its rela- 
tionship to the world is a desirable goal. 

Structuring, however, need not occur along the predetermined 
lines of organization available in a given discipline. In fact, the 
usefulness of an integrated perception of the subject depends on 
perceiving the pattern of similarities across different subject areas. 
Thus the perceived similarities among procedures or problem solving 
behaviors could be codified into models of thinking. In other words, 
there are two levels of similarities. At the lowest level similari- 
ties among the components of the subject matter are perceived and 
used to structure the subject. At the higher level, similarities 
among procedures and creative behavior can be used to formulate a 
model of thinking and learning. The tacit assumption underlying this 
interpretation of Bruner's statement is that similarity and the comp- 
lementary concept of difference are the key elements in the thinking 
process. Consequently, by understanding similarity as a phenomenon 
and its use in the learning situation, a contribution could be made 
to the eventual development of a theory of learning and thinking. 

The general importance of similarity in relation to learning 
has long been recognized in verbal learning studies and consonant with 
this, the phenomenon of similarity has been studied in many different 
ways. The result has been the production of a vast literature propos- 


ing a variety of explanations, supporting diverse approaches, using 
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4 
different definitions, and reporting what seem to be conflicting exp- 
erimental results. 

An examination of the literature indicated that the different 
ways in which similarity has been studied can be grouped into four 
basic approaches which may be called theoretical, empirical, assump- 
tive, and explanatory-definitive. The assumptive approach attempts 
to determine or measure the degree of similarity; however, the tech- 
nique seems to rest on an assumed relationship between some overt 
action by a S and the degree of similarity. Thus, for example, the 
latency measure of similarity seems to assume that the longer it takes 
the Ss to verbalize one way in which a pair of stimuli ‘are similar; 
the less similar the pair. Two other measures of similarity are the 
*preduction of similar criteria’ and the "associative response". 
However, since in each case the relationship is only assumed and not 
proven, the three measures of similarity seem to be wide open to 
theoretical arguments of validity. 

Traditionally similarity has been associated with the study 
of transfer, stimulus-generalization, interference, and retroactive 
inhibition (McGeoch and Irion, 1952; Osgood, 1953; Underwood, 1966). 
However} itis not at all certain if these phenomena are to define 
similarity or if similarity is to be used to explain the phenomena; 
hence the name: explanatory~definitive. Noble (1957) has this to say 
about stimulus semen birab itd on for example: 

Much has been written about certain supposed relationships 

between stimulus generalization and similarity. Some assert 


the former to be a function of the latter, others assert the 
converse, and there are still others who deny that any relation- 


ship whatever exists. (p. 35). 


koee Muir (1968) for a more detailed description of what has 


eee ] Fret Pst bas 7M ee ta 
a aes. 4 sored ; i Lai 
he 7 ’ 
a ie P 
- os * : 
S * z 3 bey. rf 
% Fy yk t, / * 
Na ba a) 
- 49 } + ’ 
ral 
f * - 
: 
y Tn fr ee 
cr eg % = q + 
s y i 
Fae Py. t 
, j { 
ig e 
‘ aa nm a J 7 1 ryt 
L 
7 beni Fake ti yt 
Fe ee , : ia ie 
+ Da, Sa ee Oo Ie path 
‘i - oF : 
. 7 ul 
a = as i | an 
re é y + D PAA ¥ 
yi} } Sars + et ae S| yO ’ atl pee 4 = is 
a ak) 
f ne a 
= ee vy A ir Ns et eh 
Ni: GRIMS T SPS ale, eas 
7 r eT i) 
9 
2 ff ‘ u BY y ares i } Poh 
es oo al fo j re doa ais ye! isd 
: } 
a 5 oe a cA 
= =) . | : a) a — re, }. 
rary ess 1): Sper aire SGaury (tt) tr cr . 
% i ; ys > i q 7 : 
i) rn iis 
oy ‘ = ny ay ' : -. 
Atay” arly al pass Sins ' ae 7 eh ro 2 
mee ey Sh hake ood vec — aS) Og cu Cus ‘ 4 Neg 2 
| ee mW Mane ae at , 
r o- em: ; ae ar . yeah te 2 ud 3 
eisia ‘fai LyeeD Bt rare levi bhiatieb--vihsst 
To Pe aii ie . vb er nl hae 
i j Pond i Stes ae . ih ; ; in - | 
“a ; ! * i i 
ia | ying Ae dy LD eo 
fai ¢ a > A% ‘ a 
is 3 had ; ae Ty ead, ae . hy 
Pi a >» re ee + ’ ye a . ve 
Maiiart) i. tn TS Wahi le OE erry a HOG Aer eia ieiaeuia 
- 4 
I 


oe 


Pat, 
: dishes 3 ei nebtuy 


:55 f ie '%; 
pas 
vis Ty ity 


at 


_ 


Soe fee ke AS Lb axing 9 nuda: 
BS Bagh * joe Fe 530 Any 
Shi AUIS ae ji 


a Ce 
oot 


1 v4 


Ca 8 


However, it seems that both ways of looking at the relationship are 
equally valid as long as it is understood that an independent concep- 


tion, definition, and measure of similarity is also needed, that is, 


in order to avoid etredlarity, If, for example, the above mentioned 
phenomena are to be explained in terms of similarity then surely im- 
plicit in the explanation is some conception or definition of simi- 
larity, regardless of whether it is stated or not. Furthermore, the 
relationship between the pehnomena and similarity has to be proven if 
theoretical arguments about the adequacy of the explanation are to be 
avoided. However, any attempt to prove the relationship would re- 
quire a specification of a definition and measure of similarity inde- 
pendent of the phenomenon that it was trying to explain. On the other 
hand, if similarity is operationally defined in terms of any one of 
these phenomena then they, in fact, serve as measures of similarity. 


However, it seems that even here an independent measure and definition 


of similarity is needed. Torgerson (1958) discussing the relationship 
between operational definitions and the corresponding theoretical 
terms or concepts has presented a model which shows the relationship 
between the two types of constructs as well as what happens to the © 
process of verification or rejection of a theory in such cases. In 
the model there are 
...two sets of constructs: those on the right, lying very 
close to Nature, interconnected with one another, and each with 


a rule of correspondence connecting it to the observable data; 
and those on the left, also interconnected with one another but 


with no operational definitions (p. 6). 


Furthermore, there are some dotted lines connecting the two groups of 


here been called the 'assumptive' approach. 
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constructs. The set of constructs on the left "...might represent 

the ‘socially or behaviorally important' concepts that a theoretically 
minded person might have in mind when he begins to work on construct- 
ing a theory..." (p. 6). Torgerson lists a number of such concepts 
as, for example, socioeconomic status, tension, intelligence, atti- 
tude, etc., and it seems that similarity might be added to this list. 


The connections between the concepts in the model indicate theoretical 


relationships which are perhaps most often "...expressed verbally rat- 


her than mathematically, and with a good deal less rigor" (p. 6). On 
the other hand, "...the set of constructs on the right...all possess 
operational definitions - rules of correspondence relating them to 
observable data. Very often they have the same names attached to them 
as those previously discussed" (p. 6). However, Torgerson cautions 
using intelligence as an example: 


But it is important to note that this operationally defined 
intelligence...is not universally agreed to be the same thing 
as the theoretically defined term having the same name. Hence 
the dotted lines. In these sciences [one often has] the concept 
as one thing and a measure of it as another. The operationally 
defined construct on the right is an indicant...or an=index-ot 
the equivalent on the left. At best, the two are presumed to be 
monotonically related to each other. At worst, merely a positive 
correlation of unknown magnitude is presumed to exist. A dotted 
line then stands for a presumed relationship between the con- 
struct with operational meaning and the equivalent concepts 
which possesses a wealth of constitutive meaning (p. 7). 


Consequently, if a theory is tested and disagreement found, the re- 


searcher may 


...conclude that the theory is incorrect, or he may equally 
well conclude that the opertionally defined variables are, after 
all, not really measures of the corresponding constitutively 


defined variables...(p. /). 


As far as similarity is concerned this model clearly indicates that 


in addition to an operational definition (such as transfer, for 
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example, or even one of the 'assumptive' definitions) there is a need 


for a well defined theoretical conception of similarity. It seems 
that there are, on one side, the concepts of theoretical interest which 
tend to lack empirical meaning, and on the other hand, the correspon- 
ding concepts with precise meanings but often lacking theoretical im- 
port. According to Torgerson, "One of the great problems in the de- 
velopment of a science is the discovery or invention of constructs 
that have, or are likely to have, both" (p. 8). 

The theoretical concepts such as similarity, for example, 
very often have much common-sense meaning attached to them, but 
this is not specified precisely; and thus the terms are somewhat 
vague and often complex. "Before a satisfactory state of affairs is 
reached, it is necessary somehow to transform these inexact, complex 
concepts into exact ones which can be specified precisely" (Torger- 
son, 1958, p. 8). In the words of Carnap (1950) these theoretical 
concepts have to be “explicated". This process is defined as '...the 
transformation of an inexact prescientific concept, the explicandun, 
into™a new exact concépt, the explicatum..:" (Carnap3;)1950j°p% 3). 
Although the process seems similar to analysis and has the same mo- 
tive, namely, that of "...supplanting a relatively vague idea by a 
more precise one..." (Langford, 1943); nevertheless, it is broader in 
scope. 


The explicatum...is in many cases the result of an analysis 
of the explicandum....in other cases, however, it deviates 
deliberately from the explicandum but still takes its place in 
some way... (Carnap, 1950, p. 3). 


Carnap (pp. 5-6) illustrates this with the scientific and non-scienti- 
fic term 'fish'. In every-day usage 'fish' refers to ‘animals living 


fabiites | snd thie includes whales and seals.” The scientitic term, 
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however, is much narrower and refers only to those water animals 
which are cold-blooded vertebrates and have gills throughout most 
of their life. This excluded whales and seals; however, this does 
not mean that a correction was made in knowledge but rather that a 
change was made in the rules of languages. In scientific circles 
the old term (explicandum) was no longer necessary and had been re- 
placed with a much more precise explicatum. 

The primary criterion for the evaluation of the explicatum 
sSewhether®istis ‘fruitful’? that it;*"). vuseful’ for the’ formulation 
of many universal statements..." (Carnap, p. 7). As such, the solu- 
tion of an explication cannot be judged as being ‘right or wrong'; 
but rather, as being ‘more satisfactory than another one’. 

Similarity is a concept of great theoretical interest; 
however, relatively few recent attempts have been made to explicate 
it (Goldmeier, 1937; Landahl, 1945; Attneave, 1950; Noble, 1957; and 
Wallach, 1958). Nevertheless, since the time of Plato the concept of 
similarity has undergone sufficient explication to yield two models 
of similarity: the ‘common elements' and the 'dimensional' model. 
However, both models have certain weaknesses, and with certain 
materials they are unable to give satisfactory explanations. Further- 
more, an examination of the literature with respect to the effects 
of similarity on learning has shown that many of the contradictory 
experimental results can be traced to the "formal similarity’ defi- 
nition which, in turn, can be traced to the ‘common elements' model 
of similarity. Thus, it seemed that further explication of the simi- 
larity concept was needed, particularly if the: conflicting erftects 


of similarity (formal and meaningful) were to be understood and 
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resolved. Consequently, the problem selected for this thesis is 

the following: An explication of the theoretical concept of similar- 
ity and the resolution of the seemingly contradictory effects of 
similarity on learning. 

However, any examination of similarity would not be complete 
without mentioning another approach to explication. Whereas the 
former attempts at explication may be termed the theoretical approach 
Pousimivarity, the hatter may be referred to as the empirical 
approach because it tries to explicate similarity by starting with 
observable data. The two approaches yield different models of simi- 
larity and although only the theoretical one is of interest, never- 
theless, any comprehensive treatment of similarity must include both 


and show the relationship between the two. 
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Chapter 2 
THE PROBLEM 


A preliminary examination of the literature indicated that 
although similarity has been studied in many different ways the at- 
tempts at explication fall into the two expected categories: the 
primarily theoretical, and the ns dat enteats (- empirical mode of attack. 
The theoretical approach can be further subdivided into the ‘common 
elements" model and into the ‘dimensional’ model. The former is of 
particular interest because it gave rise to the ‘formal similarity' 
definition which is now universally used in verbal learning experi- 
ments; and it is here that the ‘similarity paradox’ occurs, assuming, 
of course, that similarity is one phenomenon and therefore should have 
a consistent effect on learning under comparable Cond Ehenaes Experi- 
ments which examine the effect of meaningful and formal similarity on 
learning seem to come to the untenable and paradoxical conclusion that 
while meaningful similarity facilitates learning or at least has no 
significant effect on it, formal similarity either has no significant 
effect or hinders learning. A further examination of the experimental 
data in the literature suggested that the major source of the paradox 
might be the "formal similarity’ definition. Consequently, in order 


to resolve the paradox, it was necessary to examine not only the effect 


sien an explanation and definition of terms used in the text, 
see Appendix A. 
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of similarity on learning but also the theoretical approach to 
similarity, particularly the ‘common elements' explanation or model. 
However, a thorough understanding of the problem could not be obtained 
without also examining the empirical approach to similarity. While 
the theoretical approach attempts to answer the question ‘What makes 
things seem similar?', the empirical approach tries to predict as 
accurately as possible future similarity judgements. Both approaches 
have a similarity model as a goal but while the former arrives at it 
after analysis of the stimulus objects (StOs) that seem similar, the 
latter starts with subjects' (Ss') similarity judgements and resolves 
these into dimensions which when recombined would yeild the Ss' judge- 
ments. 

The following sections will now briefly summarize each approach 
and indicate the major areas that are still in need of further explica- 
tion. One section will also be devoted exclusively to an examination 


of the’ daterature dealing with the effects of similarity on learning. — 


The Theoretical Approach to Similarity. 


Attempts to answer the question: 'What makes things seem simi~ 
lar?' have resulted in two major approaches. They may be called the 
"common elements' and the 'dimensional' explanations of similarity. 

The first states that the similarity between objects and ev- 
ents varies directly with the number of elements held in common. The 
'elements' may be the ‘simple ideas' of Hume, the ‘common attributes’ 
of James, or the 'common letters' in nonsense syllables which have so 
often been used in recent learning experiments. Thus, the "elements' 


are conceptualized as being discrete entities and similarity is deter: 


mined by a counting procedure. 
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The 'dimensional' approach defines Similarity in terms of 
proximities on the various dimensions that the objects exhibit. This 
presupposes some means of measuring the distance on a given dimension 
and a way of meaningfully combining the resultant set of proximities 
into one common index of similarity. 

Each approach has its supporters and critics; however, not 
all the problems have been solved. For example, in a given set of 
stimulus objects (StOs) there may be some that do not have any dimen- 
sions or elements in common. This makes the similarity relation non- 
transitive (Noble, 1957). As far as the ‘common elements" approach is 
concerned this is acceptable. However, for the dimensional approach 
it poses grave difficulties since dimensions are continua and indicate 
similarity by proximity on a given extent rather than on the basis of 


the presence or absence of the whole dimension. Attneave (1950) feels 


" ..considerable need of clarification" 


that this whole area is in 
Ge 55a). 

On the other hand, the ‘attributive' approach which is a very 
important type of ‘common element' explanation faces grave difficulties 
in dealing with StOs that possess attributes which refer only to a 
part of the StO. Most attributes refer to the whole St0O; for example, 
the whole moon is round not just a part of it. However, there are 
St0s which are more complex, so that a given attribute can refer only 
to one of its parts. Thus, chairs, for example, can exhibit charac- 
teristics of roundness and angularity depending on which part one is 
examining. When this happens attributes form spatial relationships. 


Nevertheless, this is one problem which has been mostly ignored by 


theoreticians and researchers alike. This is unfortunate because the 
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definition of formal similarity used universally in learning experi- 
ments is taken directly from the common elements interpretation of 
similarity and therefore has the same weakness as the parent defini- 
tion. As the discussion in Chapter 5 will show, many of the seemingly 
contradictory effects of similarity on learning may be traced directly 
to this weakness in the parent definition. Furthermore, it seems that 
the whole problem of the spatial relationships between common attri- 
butes or common elements might never have occured if the relationship 
between similarity and identity had been considered in greater detail. 
For example, if identity is considered as 100% similarity, then 100% 
common elements should yield identity. However, this is not the case 
between the two StOs of the pair ABC-BCA. Thus, obviously, something 
more than the NUMBER of common elements must be considered in deter- 
mining similarity, namely the spatial co-ordinates of the common ele- 
ments. This aspect will also be discussed in great detail in Chapter 
3 and particularly in Chapter 5 where a new definition of similarity 
for nonsense StOs will be proposed. 

The consideration of ‘identity' brings up the very interesting 
philosophical question of whether two StOs can ever really be identical. 
Plato answered this question in Parmenides some 2000 years ago by 
pointing out that no two objects can possibly be identical since they 
cannot occupy the same space-time co-ordinates without being one and 
the same object. This conclusion has very significant implications 
for the concept of similarity because not only does it point out the 
importance of spatial co-ordinates as a characteristic but also because 
it points out that there may be a need to distinguish between two 


types of stimulus characteristics: those which strictly pertain to 
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14 
the StO, and those which relate the StO to the environment. 

Hume (1748), writing on the similarity among ideas, reduced 
these to sensory impressions and then determined similarity only on 
the basis of the physical characteristics that they had in common. 
This enabled him to explain the similarity between complex ideas since 
this was the number of simple ideas held in common, but it did not 
enable him to explain how it was that two simple ideas such as blue 
and green were similar. Wallach (1958) suggested that Hume would have 
solved the problem if he had admitted those characteristics which 
related the StO to the environment. For example, blue and green are 
similar because they are the colours of water, of grass in the coun- 
try, and summer landscape colours, etc. This, however, does not solve 
the problem; in fact, it makes it unmanageable. For example, one 
such environmental characteristic would be 'use'; however, this is one 
of the most variable attributes often used in tests of creativity and 
is only limited in scope by the Ss' imagination. Thus, for example, 

a stone and a paper clip would have to be considered as similar because 
both can be used to make necklaces! Is this to be considered as a 
valid similarity? If not, where is the line to be drawn, and by whom 
are its criteria to be set? That some limit is needed is evident be- 
cause if none is set then everything will be similar to everything 
else and similarity will depend on all and any idiosyncratic associa- 
tions. Although this is one way of looking at similarity it does not 
seem to be the most fruitful approach since, under such circumstances, 
similarity would, in effect, become indeterminable. However, if Wall- 
ach's solution is rejected then Hume's original problem still remains. 


These, then, are some of the major problems that seem in need 
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of explication in the theoretical approach to similarity. 


moe Empirical Approach to cimilarity. 


The empirical mode of attack grew out of psychophysics which 
was developed by Gustav Theodor Fechner (1801-1887). He attempted 
to find 'functional relations of dependency between body and mind’. 
These ideas were later developed by Louis Leon Thurstone (1887-1955) 
and when appropriate statistical techniques were formulated by Young 
and Householder (1938), the method of multidimensional scaling was 
born. This technique approaches similarity from the observer's point 
of view. The experimenter obtains judgements of similarity from S53 
converts these into proximities and then applies statistical treat- 
ments very much like factor analysis. The result is a number of di- 
mensions which presumably the Ss used in arriving at their similarity 
judgements. 

The multidimensional technique of Young and Householder was 
specifically developed on the request of Gulliksen and Richardson for 
the purpose of scaling psychological judgements in general. It was 
first applied by Richardson (1938) to the judgements of similarity. 
In this study the Ss were presented with three StOs at a time and had 
to judge which of the two StOs were most similar and which two were 
most different. From this the proportion of times that a particular 
StO was judged closer to one of each possible pair of StOs was ob- 
tained. This in turn, was converted into a set of ‘differences in 
distance between the StOs'. According to McCullough (1957) the pro- 
cedure was Beni an extension of Thurston's technique using 


the normal probability curve for converting proportions into dis- 
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tances. At this point in the process it was necessary to have some 
means of transforming the 'distances' between the StOs into measures 
along some set of dimensions or axes using the least number of these 
necessary for a full description of the system. In other words, the 
StOs were seen as points in some sort of space, their location rela- 
tive to each other (their mutual distances) being determined by the 
similarity judgements. That is, "...similarity was considered to 

be the complement of distance in a space of one kind or another" 
(Torgerson, 1965, p. 379). If the similarity judgements were to be 
resolved into the contributing dimensions which presumably the Ss 
used in arriving at their judgements, then a mathematical technique 
was needed which could determine not only the minimum number of di- 
mensions necessary to describe the system of points tee also to 
yield the co-ordinates of all the points relative to this reference 
system. 

Ordinarily’a set of points is specified by giving its 
co-ordinates in a suitable reference system; and the 
dimensionality of the set, the problem of approximating it 
by a lower dimensional set, etc., can be discussed in terms 
of these co-ordinates. It may be, however, that only the 
distances of the points from each other are known, and it is 


desired to give a similar discussion on this basis (Young and 
Householder, 1938, p. 19). 


This is exactly what the technique devised by Young and Householder 
(1938) was designed to do. However, any mathematical technique is 
based on a number of assumptions and has some formal requirements 
which must be met if it is to work and give meaningful answers. 
Torgerson (1965) describing the subsequent development of this pro- 
cedure by Gulliksen (1946), Messick and Abelson (1956), and Torger- 


son (1952, 1958) states that although this traditional procedure or 
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set of procedures ‘knew what {eae doing and what it needed', its for- 
mal requirements were too severe. 

It asked not only that the perceptual or cognitive structure 
of the set of stimuli be Euclidian in nature, but also, that ob- 
servations on similarity of pairs of stimuli be linearly related 
to distances between points in the space (Torgerson, 1965, p. 379). 

In other words, the use of this mathematical technique required that 
some assumptions be made as to the nature of similarity which could 
not always be made. In short, if the mathematical model was to give 
psychologically meaningful answers the same relationships would have 
to hold in the psychological system as in the mathematical model. If, 
however, the mathematical requirements were too restrictive or psycho- 
logically untenable then the model could only have a limited applica- 
EL ey « 

The next development in multidimensional scaling came in 1962 
with the advent of the first computerized program. It was spearheaded 
by Shepard (1962a & b) and his papers on the ‘analysis of proximities’. 
Since then a number of researchers have proposed their own versions 
(see Torgerson, 1965, p. 380). These, however, deal mostly with dif- 
ferent methods of defining and determining the various proximities 
which are to be used in the matrices, and of determining the location 
of the origin by judicious selection of the ‘additive constant’. 

The basic advantage of the new iterative procedure is that it 
does not require the assumption of a Euclidian metric but works equally 
well for a non-Euclidian one, and in fact, for any metric. This is a 
particularly significant improvement over the traditional multidimen- 
sional technique because there is no valid reason to assume a priori 


that the space should be Euclidian; and in fact, there is evidence that 
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it is in many instances non-Euclidian (Attneave, 1950; Shepard, 1964). 
The raw data with which the experimenter starts is a set of "judgements! 
rather than physical measurements, and thus the dimensions that are 
identified by the multidimensional technique are described as "psycho- 
logical dimensions'. Hence there is much more reason to expect that 
the space will be non-Euclidian than Euclidian. However, this may to 
a large extent depend on the nature of the StOs. 

The overall aim of the multidimensional technique is to iden- 
tify the psychological dimensions that are presumably used by the Ss 
in making the similarity judgements. There is, however, another 
empirical approach to similarity which attacks the problem from a 
slightly different direction. Assuming that the dimensions are known, 
one can try to determine how they would combine so as to give the im- 
pression of similarity. This is the method that Attneave (1950) has 
used. He developed what he called a 'method of graded dichotomies' 
for scaling similarity judgements (1949). In this procedure the Ss 
are presented with pairs of stimuli which they are to judge as to de- 
gree of similarity. Usually the Ss are provided with a seven point 
scale ranging from 'identical' to ‘extremely different’ on which they 
mark their judgements. In the graded dichotomies technique, similar- 
ity is also considered as the complement of distance; however, the 
space is considered to be non-Euclidian and what is referred to as 
Eve tele block' metric is applied to the distances. In this metric 
the distance (similarity) between two StOs is equal to the sum of 
the projections along each axis or dimension. In the Euclidian metric 
this distance, of course, would be calculated by using the Pythagorean 


theorem. Torgerson (1965) discussing the merits of Euclidian versus 
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non~Euclidian metrics concluded that both might be applicable depend- 
ing on the nature of the StOs or more specifically the nature of the 
constituting dimensions. 

The most important difference between these two empirical 
techniques, however, is the way in which the dimensions are identi- 
fied. The multidimensional procedure gives the number of dimensions 
and the location of the StOs in the space bounded by these dimensions. 
The experimenter then attempts to interpret the dimensions in such a 
way that they are psychologically and/or physically meaningful. The 
graded dichotomies technique, on the other hand, gives only the 
mutual distances between the St0Os, and the experimenter has to arrive 
at the number and the nature of the dimensions by inspection of the 
StOs, usually prior to the experiment. Thus, for example, McCullough 
(1957) using simple geometrical figures (triangles), constructed three 
sets of StOs such that the triangles in each set varied a priori on 


1 


what he referred to as ‘one physical’ dimension (p. 38). However, it 
is difficult to think of 'area' or 'shape' as being single physical 
dimensions. Nevertheless, since the object in this approach is to 
find by configuration what seemed, a priori, to be psychologically 
relevant dimensions, (that is, those which the Ss might have used in 
arriving at their judgements of similarity) any physical measures may 
be used if the experimenter feels that they might be highly correlated 
with the scaled similarity judgements. However, it seems that such 
measures on the StOs should not be referred to as "single physical 
dimensions' but rather as ‘physical measures’ or as ‘single psycho- 


logical dimensions’ if they should prove to be relevant in accounting 


for the variance in the similarity judgements. There is, of course, 
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20 
no reason to assume that there must be a one-to-one correspondence 
between the dimensions in psychological space and physical space. 
Thus, for example, the Ss could very well be responding to an over- 
all gestalt of 'bigness' or 'area' rather than to the length of the 
base in combination with the height of the triangles. The success 
in using the graded dichotomies technique depends, therefore, to a 
large extent on the intuitive understanding of what the Ss might use 
in judging the StOs. However, the multidimensional scaling technique 
faces exactly the same problem after the mathematical model has 'ground 
out' the answer. That is, although the mathematical technique will 
indicate the number of dimensions and the location of the StOs relative 
to these dimensions, the researcher has to interpret these dimensions 
in terms of psychologically relevant variables. Nevertheless, the re- 
searcher using the multidimensional approach has some advantage over 
the one using the graded dichotomies method because the mathematical 
technique of the former will locate the StOs in the space and thus in- 
dicate to the researcher which set of StOs have a high loading on one 
dimension and which StOs have a very low loading on the same dimension 
and thus by comparing these two sub-sets of StOs the researcher can 
get some idea as to what the dimension might represent. Again there 
is no reason to assume that for each physical dimension exhibited by 
the StOs there should be a corresponding psychological dimension. 
Furthermore, it cannot be assumed that even if all the physical dimen- 
sions exhibited by the StOs contributed to the similarity judgements 
that they would do so equally. For example, Chambliss (1957) had Ss 
judge for similarity very complex StOs (ten-sided nonsense polygons) 


which might be considered as physically multidimensional; however, he 
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found that most of the variance could be accounted for by one physical 
measure, and that the correlation coefficient could be raised only 
slightly (from 0.9467 to 0.9580) by using three other physical mea- 
sures. He concluded that there was only one psychological dimension 
involved and that it could be approximated by one physical measure. 
The latter, however, could not really be regarded as a single physi- 
cal dimension nor as a composite dimension serving as a resultant of 
all the other physical dimensions. Thus, it seems that one psycholo- 
gical dimension may be represented by a combination of some of the 
physical dimensions exhibited by the StOs. 

In summary, the expirical approach to the explication of sim- 
ilarity starts with a set of judgements and hopes to end with a model 
of psychological similarity. Of the two main ways of achieving this 
goal, multidimensional scaling is by far the most comprehensive tech- 
nique. It starts with a set of similarity judgements, converts these 
into inter-StO distances or indices of similarity, and then applies 
mathematical techniques similar to factor analysis which gives the 
dimensionality of the space and helps the researcher to interpret the 
resulting psychological dimensions. The graded dichotomies technique, 
on the other hand, is primarily a scaling method which yields only 
the inter-StO distances or indices. The dimensions are assumed a 
priori and the distances are used to determine the nature of the space, 
that is, to find out how the dimensions combine into the resultant 
index of similarity or scale value. Alternately, the experimenter 
may calculate correlation coefficients between various physical mea- 
sures, dimensions, or combinations of dimensions and the scaled simi- 


larity judgements. In this way the graded dichotomies technique is . 
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much closer to the traditional goal of psychophysics, that of finding 


the 'functional relations of dependency between body and mind’. 


Discussion 

The empirical and theoretical attempts at explication have 
approached the problem from opposite directions. The latter started 
with an analysis of the St0s into physical dimensions and attempted 
from this to determine why the St0s seemed similar to Chews.) cnesroE. 
mer, on the other hand, started with the Ss and their similarity 
judgements and worked backwards to the St0s but ended up with psycho- 
logical dimensions instead of physical ones. Attneave's method (graded 
dichotomies) basically attempted to work from both ends and to relate 
the physical properties of the St0s to the psychological ones as 
indicated by the scaled similarity judgements. Whatever the approach 
the general aim was the greater understanding of the phenomenon of 
similarity. However, what seems to be needed at this time is some sort 
of synthesis or structuring, particularly if the paradoxical effects 
of similarity on learning are to be understood and the conflict 
resolved. 

An examination of the theoretical and empirical approach to 
similarity suggests that they are in one sense antithetical. The former 
to a large extent deals with the physical dimensions of St0s, and the 
latter is exclusively concerned with either determining the psycho- 
logical dimensions or in relating them to the physical ones. 

This dichotomy has great significance for learning experiments 
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mostly in terms of the physical characteristics of the rosie 
However, if physical dimensions and psychological dimensions do not 
correspond exactly then physical similarity is not the same as 
psychological similarity; and if the Ss respond to psychological 
similarity during learning while the experimenter varies the degree 
of physical similarity, what sees is the relationship between 
"similarity' and learning? 

To answer this question it is necessary to consider the rela- 
tionship between physical and psychological similarity. Since neither 
has a monopoly on the ‘truth' both have to be eied ere 
Any definition of similarity which the theoretical approach produces 
has to be examined as carefully as any theory in science. If the 
definition is found to be too narrow or unable to explain or subsume 
all the observable data, then it has to be replaced with a better defi- 
nition which, in its turn, will later be replaced with a better one 
ee Philosophically, it can be argued, and with merit, that one 
can never truly know absolute reality but only approximate it with 
temporary conceptions. However, with repeated attempts it is hoped 
that ever better approximations may be obtained, and at the moment an 
attempt at some sort of structuring of similarity seems to be in order. 


There is a need to collate all the major approaches, to bring together 


Spureees such as 'physical characteristics’ or 'physical simi- 
larity' may be somewhat misleading, particularly when the St0s are mean- 
ingful words. More appropriate terms to use might have been "intrinsic 
characteristics' (Chapter 3) and ‘objective similarity'. In this way 
common categories and denotative meaning could relate in a much more 
meaningful way with the name. In the same way any similarity arising out 
of conotative meaning, associative overlap (Deese, 1962), or any idio- 
Ssyncratic associations might be much more appropriately designated by the 
label 'subjective' rather than by the term "psychological' similarity. 
However, since the terms 'physical' and 'psychological' have gained some 
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all the relevant data, and to examine them critically for weaknesses, 
strengths, and possible inconsistencies. This is particularly 
important if the seemingly paradoxical effects of Similarity on 


learning are to be understood and some explanation found. 


ihe Effect of Similarity of Learning: A Paradox 


The role of similarity in verbal learning has been studied 
primarily through free recall, serial learning, and paired-associate 
(P-A) experiments. 

In a free learning task, a series of verbal units are presented 
to the Ss with instructions to learn the units in any order. On 
successive trials the presentation order is either constant or 
varied from trial to trial depending on what is being studied. 

A serial learning task involves the presentation of the units 
to the Ss in a constant order and the Ss are required to learn them 
in the order of presentation by anticipating the next unit in the 
sequence. The fixed order is originally determined on a random basis. 

A typical P-A task requires the Ss to learn pairs of verbal 
units. The left-hand member of the pair is called the stimulus term 
and the right-hand member the response term. The Ss must learn to be 
able to recall the correct response term when presented with the 
Stimulus term alone. The units are usually presented in a different 


Order ‘on each trial. 


In all three tasks the units are usually presented one-at-a- 


measure of acceptance, the author will continue to use them but ' 
with the added qualification that the term "physical characteristic 
is to be interpreted in a broad sense (Chapter 3). 
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time on an instrument called a memory-drum (McGeoch and icion i952). 
The average viewing time is two seconds per item or stimulus term. In 
a P-A task this two second presentation~-anticipation phase is followed 
immediately by another two second interval in which the stimulus term 
is shown together with the correct response term. The material to be 
learned is either of a meaningful or meaningless nature. At times the 
P-A task combines both, that is, either the stimulus or the response 
term is meaningful while the other member of the pair is a nonsense 
syllable. The most common type of nonsense material used is the tri- 
gram which consists of three upper case letters. These are either all 
consonants (CCC) or of the form consonant-—vowel-consonant (CVC). 

Similarity among the trigrams of a list is determined by the 
commonality of letters and is almost universally referred to as 
"formal similarity'. Underwood (1966) defines this type of similarity 
as follows: 


Formal similarity refers to the number of different letters 
used in making up a list; the fewer the number of different 
letters for a constant number of units, the higher the similarity 
Coon) 


Me quantitative nature of the definition lends itself well, to a 
precise determination of the degree of similarity present in a list 
of given length. The same cannot be said for meaningful similarity. 
There are two common types of meaningful similarity; one is 
based on synonymity among the words (icy, frigid, cold) and the other 


i i : £ th 
on common class membership (dog, cat, cow, pig). Some refer to e 


aN third type of meaningful similarity may be based on the 
number of common associations elicited by a pair of words (bird-wing, 
fast-slow, sky-blue, blue-yellow). For a discussion of associative 
meaning and associative overlap see Deese (1962). 
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latter as ‘conceptual similarity'. In either case, however, it is 
impossible to calculate the exact degree of similarity. Consequently 
researchers prefer to use lists constructed from nonsense syllables. 
inva P-A Vist there are at least four locations for similarity, 
the most common being similarity either among stimulus terms, or 
among response terms. Less common is similarity between the stimulus 
term and its corresponding response term, or similarity among all 
stimulus and response terms, 

The latter P-A list is one of the most difficult to learn when 
it has high formal similarity. In one study Underwood and Richardson 
(1957) had 336 college students learn a list constructed from only 
nine consonants with each letter occurring one to four times per list. 
Although the list had only four pairs of CCC's they had to drop 135 
mo verom theexperiment, of which 60 were dropped for failure to learn 
ime list in a period of 50 minutes or approximately 150 trials. 

Another list which is extremely difficult to learn is the 
"double function’ list in which a given trigram serves both as a 
stimulus and as a response term (Umemoto and Hilgard, 1961). Thus 
fete Letters A; B, €,. D, &, & G, and Ho arestaken -tomeepresent: cist 
different trigrams the following pairs might be formed: A-D, B-G, D-H, 
E-C, F-B, C-A, H-E, and G-F. The S is faced with the task of learning 
to respond D when presented with A, and to respond H when presented 
with D. Since both D's are one and the same trigram, there is no 
question of similarity but of identity. A modification of the list so 


as to study the effect of similarity can be achieved by pairing CVC's 


with synonymous adjectives as follows: 
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YAV-perfect 
faultless-YAV 
noonday-GID 
GID-midday etc. 
As can be expected, such a list is easier to learn than one where the 
identical CVC's and the similar adjectives are mismatched (Umemoto and 
miecard, 1961). 

The more typical P-A experiments use nonsense syllables for 
both the stimulus and response terms. The results of these experi- 
ments are somewhat inconclusive since experimenters did not always 
use the same measures of acquisition. Underwood (1953a), using mean 
number of trials to criterion as the measure of acquisition, found that 
iy similarity among stimulus terms had a detrimental effect on 
learning. The effect of similarity among response terms was statistic- 
ally not significant but tended to suggest that intermediate similarity 
was facilitative. The effect of similarity on recall 24 hours after 
original mastery proved to be facilitative only for high stimulus 
Similarity. However, this could be explained by the additional trials 
required for mastery. 

A similar experiment was conducted by Newman and Buckhout 
(1962) except that the mean number of correct responses on trial #39 
was used as the measure of acquisition. Contrary to Underwood's 
findings, the results showed that the inverse relationship existed 
between response similarity and learning; and that the effect of 
stimulus similarity was not statistically significant. These results 
are not at all surprising in view of the different measures of acqui- 
sition used. 


In his study Underwood (1953a) also examined the mean number 


of overt errors per trial and found that: "Overt errors increased 
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directly with response similarity but not with stimulus similarity" 
(p. 141). A clear cut comparison cannot be made with the Newman and 
Pek tout Study because Underwood used overt errors as a measure of 
acquisition rather than errors (overt errors plus omissions); an 
inverse relationship between the number correct and the number of 
overt errors cannot be assumed. A study by Rubin and Brown i967), on 
the other hand, using the mean total errors for trials to criterion 
(overt plus omission errors) as a measure of acquisition, found that 
not only was there a direct relationship between response similarity 
and total errors but that the same relationship held for stimulus 
similarity. 

One interesting factor that does emerge from Underwood's 
study is the strange relationship between the number of overt errors 
per trial and the number of trials to mastery when performance on 
stimulus similarity lists is compared with that on response similarity 
lists. “Lf stimulus similarity lists require more learning trials to 
mastery and have fewer overt errors per trial than response similarity 
lists, then surely there is an inverse relationship between overt errors 
per trial and number of trials to mastery. Underwood (1953a) sums this 
up as follows: "Thus, while learning was more rapid [requiring fewer 
trials to mastery] with variation in response similarity than with 
Pa eron it -stimutus simi farity, more fovert] errors per trial were 
made in the former instance” (p. 137). 

These results were 'substantiated' by Levitt and Goss (1961), 
using the mean number of correct responses for 20 trials as a measure 
of acquisition. They found that "Significantly more correct responses 


were made during the 20 trials with variation in response members 
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(M = 102.9) than with variation in stimulus members (M = 94.8)", 

(p. 249). This can be taken as supporting Underwood's finding to 
Some extent because trials to criterion and correct responses during 
20 trials may be considered to vary directly. However, no comparison 
can be made between these findings and those using only overt errors 
as a measure of acquisition. 

Experiments using meaningfully similar material are also 
inconclusive. A study (Underwood, 1953b), using adjectives for both 
stimulus and response terms, found that while variation in response 
similarity had no significant effect on the number of trials needed 
for veeeene variation in stimulus similarity did affect the learning 
rate, but in an unexpected way. As the similarity increased, trials 
to learn first increased and then decreased. Thus, lists with medium 
stimulus similarity were most difficult to learn and were followed in 
dafticulty by high similarity and low similarity. lists respectively. 
The relationship between overt errors and similarity was in agreement 
with Underwood's (1953a) previous findings that only response similar- 
diy aftects-the number of errors significantly. The effect of similar- 
ity on recall 24 hours later was not significant when the degree of 
learning was held constant. 

However, when trigrams replace adjectives as stimulus terms, 
meaningful response similarity also affects acquisition (number of 
trials to criterion) in a negative way (Feldman and Underwood, 1957). 
Furthermore, there is a significant and direct relationship between 
errors and variation in response similarity and also between errors and 


stimulus similarity (formal). 


Attempts to resolve these conflicting findings have led to 
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further research where the learning process is broken down into two 
parts: response learning, and formation of associations between 
Stimuli and responses. The results from one such study (Underwood, 
Runquist, and Schulz, 1959) indicate that meaningful similarity among 
response terms facilitates the acquisition of the responses but : 
hinders the learning of specific associations between a given nonsense 
stimulus and its corresponding meaningful response. Together the two 
effects appear as an inverse relationship between similarity and the 
mean number of correct responses per trial. 

Horowitz (1962) eliminated the response learning phase by 
substituting a matching task for the standard anticipation technique. 
For some lists the stimulus term was a nonsense syllable while for 
other lists the response term was a trigram. In all cases the other 
term was a meaningful word. The results of this study indicated that 
variation in either formal stimulus or formal response similarity hin- 
dered the associative phase. 

A somewhat different approach was taken by Umemoto (1962). 

The similarity among the stimulus terms and that among the response 
terms was held constant at a high level of similarity while that between 
the stimulus and response sides was varied. Thus for the low similarity 
list the stimulus terms were selected from one pool of highly similar 
adjectives and the response terms from another. For this condition 
there was no similarity between the two pools of adjectives. For the 
medium similarity list there was some similarity and for the high 
similarity lists the stimulus and the response terms were drawn from 

the same pool of adjectives. As can be expected, the results showed 
that the higher the similarity between the stimulus and response terms, 


the faster the learning as defined by trials to criterion. 


yt 

This suggests that Ss are able to overcome the hindering 
effects of either stimulus or response similarity if provided with 
sufficiently high stimulus-response (S-R) Similarity as in Umemoto's 
(1962) study. However, this seems to hold only for meaningful 
material. A high degree of formal similarity among all terms of a P-A 
list made learning almost impossible (op. cit. Underwood and Richard- 
Ben, 1957). 

On the basis of all the above findings it seems logical to 
hypothesize that a list consisting only of single meaningful rather 
than paired elements should be facilitated by inter-item similarity. 
This is consistent with the findings that response learning as such is 
facilitated by response similarity (Underwood, Runquist, and Schulz, 
1959). Furthermore, a serial learning task requires that the Ss learn 
these items in a given order; therefore, it might be assumed that the 
terms in the sequence have to form some sort of associative chain. 
This should be facilitated by high S-R similarity even in the face of 
Mentitst similarity This’ is*noteecontrary tothe findings “of 
Horowitz (1962) because he did not have any similarity between S-R 
terms only among them. Also, he studied formal similarity. 

Nevertheless, contrary to expectation, serial learning was 
found to be either unaffected by meaningful similarity (Baddely, 1966), 
or to be hindered by it (Underwood and Goad, 1951). However, as 
Underwood (1953c) found, the difference between the low and high simi- 
larity lists had to be made very great indeed in order to produce any 
statistically significant retarding effects. Under such conditions a 
very important fact was discovered: Recall, 24 hours after learning, 


was vastly superior for the high similarity list (significant at the 
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0.005 level) even when the number of learning trials was held constant. 

On the other hand, formal similarity does not seem to affect 
recall significantly (Underwood, 1952; Underwood and Richardson, 1958). 
However, it does produce a hindering effect on learning as far as 
trials to criterion or mean number of correct responses for 30 trials 
are concerned (Underwood, 1952; Underwood and Richardson, 1958 
respectively). Nevertheless, contrary to the findings of the 1958 study 
the 1952 experiment indicated that formal similarity was not signifi- 
cantly related to the number of errors during learning. 

A somewhat different experiment by McGourty (1940) showed 
that the usual U-shaped serial position curve could be altered to a 
W-shape by grouping the high similarity CCC's at the beginning and end 
of the list. Thus, the learning of the centrally placed items was 
facilitated and that of the extreme items was hindered. 

Turning to free learning experiments, the findings are again 
contradictory. Although the effects of meaningful similarity are either 
facilitative (Ekstrand and Underwood, 1963; Bourne and Parker, 1964; 
Underwood, 1964, pp. 63-65) or at least not significant (Cofer, 1959); 
the effects of formal similarity are either not significant (Allen, 
Puff, and Weist, 1968; Newman, 1967) or negative (Horowitz, 1961; 
Carterette, 1963; Underwood, Ekstrand, and Keppel, 1964). Furthermore, 
Horowitz, Carterette, as well as Allen, Puff, and Weist reported that 
initially formal similarity facilitated recall and that it was only 
on later trials that the Ss learning the low similarity lists showed 
superior recall. Underwood, Ekstrand and Keppel (1964), however, 
found no such effect. 


In summary therefore, it seems that on the whole 
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Conceptual and meaningful similarity are positively related 

to free learning; that is, the higher the similarity, the more 
rapid the free learning ... [whereas] ... with low meaningful units, 
high similarity retards free learning ... (Underwood, 1966, 
pp. 477-478). 

A Summary Statement of the Problem and Purpose 

In brief the problem may be summarized in terms of the 
following questions: 

1. Assuming that similarity is one phenomenon, why does 
meaningful and formal similarity affect learning in different ways 
under comparable learning conditions? 

2. What are the relationships among the concepts of identity, 
Similarity, and difference? 

3. What roles should the StO-pertinent and environmental 
characteristics play in a model of similarity in order to ensure 
maximum usefulness of the model? 

4. Is the internal organization of the elements in a St0, and 
particularly the spatial relationship among the elements composing 
the St0, a crucial factor in determining the. fruitfulness of a model 
oresimilarity? 

5. How can mutually exclusive dimensions be explained by a 
dimensional model, or is the model completely inadequate in this 
respect? 

6. What relationship, if any, if there between the dimensional 
and common element model? 


7. What relationship, if any, is there between the empirical 


and theoretical models of similarity? 
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The purpose of the study, therefore, was: 

1. to answer questions two through seven, thereby 
explicating the concept of similarity to some extent; 

2. to relate the explicated concept of similarity to 
learning by exploring the variables relevant to this relationship; 

3. to postulate, on the basis of the explication and theoret- 
ically formulated relationship between similarity and learning, a 
possible resolution of the similarity paradox as expressed in the 
first question; 

4, to test experimentally one of the consequences of the 
proposed resolution (Hypothesis IV), thereby partly verifying the 


resolution. 
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Chapter 3 
AN EXPLICATION OF SIMILARITY 


The similarity between two stimulus objects (StOs) can be 
"measured' in two ways: by analysis or by judgement. In both cases 
the ‘measuring instrument' is the human organism; however, the pur- 
pose of the two is different and thus the results are also different. 
The task of the analyst is to produce a model of similarity while 
that of the judge is to give an 'estimate' of che similer ry, 

The task of the analyst is by far the hardest since the use- 
fulness of the model is uppermost on the list of priorities. In 
considering the similarity between StOs the analyst must decide which 
are to be rejected. The choice is a necessary one since St0Os are 
overwhelmingly similar to each other. That is, there is always some- 
thing with respect to which two StOs can be considered as being simi- 
lar. For example, a shoe and a car are similar in that they are 


physical objects possessing mass. 


Intrinsic and Environmental Characteristics 

The usual line of demarcation is drawn between the charact- 
eristics which pertain strictly to the StO and those that relate the 
StO to the environment. This distinction could have originated with 
Plato but it was certainly used by Hume in his analysis of the simil- 


arity between ideas. 


To begin with, Hume divided all the "perceptions of the mind" 
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36 
into two classes: those which were "less forcible and lively" he 
called "Thoughts or Ideas"; and those which were "more lively" such 


as when people " 


..-hear, or see, or feel, or love, or hate, or desire, 
or will" he called "Impressions" (Hume, p. 455). Subsequently, after 
considering the nature of thought, Hume concluded that all ideas were 
"...derived either from...outward or inward sentiment..." or philoso- 
phically speaking "...all,..ideas...are copies of...impressions..." 
(Hume, p. 456). 

Complex ideas being composed of simple ideas were similar to 
the degree to which they had these in common (Hume, pp. 456, 471, 477; 
Wallach on Hume, 1958, p. 103). Simple ideas, now reduced to simple 
sensory impressions, on the other hand, were not aggregates but basic 
building blocks. How could they then be similar? For example, how 
could blue be more similar to green than to red? To capitulate by 


",,..similarity between simple ideas is somehow given... 


saying that 
terectiven. sisanot\ decsatiseactory solution (Wallach, 1953, 7.7 103)-. 
The cause. of the difficulty, according to Wallach, is) that 
the admissible stimulus characteristics are restricted to those which 
pertain only to the StO (intrinsic properties). Wallach suggested 
that the problem could be partly solved by broadening the range of 
admissible stimulus characteristics, or ‘attributes’ as he calls them, 
to include also those which relate the StO to the environment. For 
example, a table could be defined in terms of ".,.use (the things done 
upon it), of location (the place where it is found) or of construction 
(how it is built): (Wallach, 1958, p. 103). 


At first, this seems like a workable solution; however, on 


closer inspection it makes similarity indeterminable. If the two 
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types of characteristics are examined one can see that intrinsic char- 
acteristics can be determined even for complex St0Os by analysis. 
Furthermore, there is a high probability of obtaining agreement between 
analysts. On the other hand, the characteristics which relate the Sto 
to the environment often depend on the analyst's past experience and 
ability to shift frames of reference. Consequently, great diversity 

of characteristics and very little agreement may be expected from the 
analysts. 

In order to avoid introducing such highly personal variables 
it seems advisable to retain Hume's restriction that similarity be- 
tween StOs be analyzed only in terms of the characteristics displayed 
by the StOs themselves. This is a necessary and useful boundary con- 
dition since the object is a model of similarity which is to serve as 
a reference or basis and therefore must be stable and not variable. 
However, if Wallach's solution is rejected, how can the similarity 


between simple ideas be explained? 


Common Elements Versus Dimensions 

Basically Hume's conception of similarity is finite in charact- 
er, defining simple ideas as the basic units of comparison. Consequent- 
iy dt. these units!(or attribttes) seem simidarstoiother units there 
is no way to define this new similarity. In other words, whereas St0Os 
were similar to the extent that they exhibited a number of common 
attributes, the similarity between attributes could not be reduced to 
further attributes. Thus two StOs could be regarded as similar because 
they both had the attribute 'blue' in common or the attribute "sreen' 


° t ! 
or the attribute 'luminous'; however, what do the attributes “blue 


and 'green' have in common? 
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An examination of the nature of attributes suggested that they 
are Chee eee in that one class label is used to refer to a set or 
range of related characteristics. For example, such attributes as 
"roundness' or 'luminosity', mentioned by William James, cover a wide 
range of varying degrees of each characteristic. There is a marked 
difference between the luminosity of the moon and that of a gas-jet; 
also between the roundness of a foot-ball and that of the moon. Never- 
theless, these differences are subsumed under one label and the St0Os 
are said to exhibit a common attribute regardless of differences in 
degree. 

The great variability in degrees of attributes suggests that 
they may be regarded as class intervals on a continuum, each interval 
enclosing a certain amount of some underlying dinedsdenks For example, 
the attribute blue, defined in terms of wave length, may be thought of 
as a class interval on the colour continuum, having upper and lower 
wave length limits of 5.00 x boss eee. and 4.50 x doazcuh veduneriueiyt 


In the same way attributes such as ‘hard' or 'luminous' may be regard- 


tthe terms 'continuum' and 'dimension' are used to convey two 
slightly different meanings. A 'dimension' is defined as a measurable 
extent, and a ‘continuum’ is defined as an extent, either measurable 
or not. For example, 'weight' may be regarded as a continuum; on the 
other hand, the weight continuum in terms of pounds, grams, etc. may 
be regarded as the dimension of weight. Consequently, if the term "di- 
mension' is used to refer to a continuum for which a scale of measure- 
ment does not exist, then this is to imply a belief that a scale can 


be developed. 


-this refers to spectral colours only. All others may be des- 
cribed in terms of three parameters: dominant wave length, reflec- 
tance, and purity. Thus the colour continuum may be defined in terms 
of a measurable extent which is either unidimensional or multidimen- 
sional. In other words, a given dimension may be a ‘resultant dimension' 
of two or more component dimensions, or a single dimension to begin with. 
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ed as class intervals on the underlying dimensions of the 'hard-soft! 
and Paraiieatnncdosiss! continua respectively. Although each attribute 
spans most of its respective continuum, a 'class-interval' approach 
is useful since it implies that attributes may be regarded as posses- 
Sing sub-attributes. For example, the 'soft-hard' continuum may be 
divided'into ‘very, soft', 'soft', 'semi-hard',»'hard', and 'very- 
hard'. Although there is no single label in the language either for 
the individual classes or for the whole 'soft-hard' continuum, this 
does not deny the existence of the underlying dimension or the pos- 
sible class intervals on it. It seems that only the colour continuum 
has been subdivided in the language into many class intervals. How- 
ever, the colour names do not refer to equal intervals on the colour 
dimension (wave length). Thus for example, there is a single word 
‘orange’ for the colour 'yellow-red' but no comparable class label 
for the colour 'blue-green'. The wave length interval, however, is 
almost identical in both cases. It can be surmised, therefore, that 
colour names were derived intuitively, depending to a large extent on 
the local needs for discrimination. For example, in some areas, 
languages have evolved which do not distinguish between blue and green 
but have a common label for both (Brown, 1956, p. 303-310). 

Consequently, there is nothing rigid about the class labels, 
and for the purpose of a similarity model the class intervals may be 
set arbitrarily and provided with new names. This is quite consistent 
with the usual explication of scientific terms which invariably have 
different meanings from every day usage (cf. the concept of 'fish’). 

In summary, similarity between StOs may be regarded as being 
of the 'common elements' type, and the degree of similarity is deter- 


mined by counting the number of identical elements, attributes, or 
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simple ideas. However, if the attributes themselves are regarded as 
StOs to be compared, then they have to be regarded as dimensions (or 
contiguous class intervals on the underlying dimensions). In other 
words, when dealing with attributes it is only necessary to stop 
considering them as discrete and unrelated entities, and to go back 
to the basic dimension on which the attribute happens to be the class 
interval. Thus similarity may be determined either as a proximity 
on the dimension, or new and smaller class intervals may be formed 
from the previous large interval and similarity may be determined by 
the number of sub-classes separating the two attributes in question. 
Consequently, blue and green are more similar than green and red, be- 
cause the members of the former pair are approximately 0.5000 x ieecm. 
apart in terms of wave length, and the members of the latter pair are 
approximately 1.100 x id on. different in wave length. Alternately, 
blue and green may be regarded as more similar than green and red since 
the former are contiguous class intervals on the colour dimension while 
the latter are separated by two intervening class intervals. Although 
the colour intervals are not equal the example illustrates the pro- 
cedure which may be used. 


Consequently, the division between intrinsic and environmental 


characteristics can be maintained and a model of similarity developed 


strictly in terms of the. intrinsic characteristics. Furthermore, with- 


in such an interpretation the two major theoretical similarity models 
(‘common elements' and 'dimensional') may be seen to be two aspects of 
Bek sane approach. Just as in statistics one may work with grouped or 
Peoupededata’ so with respect to similarity the needs and cine 


cumstances might be taken as the determining factor in deciding which 
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approach is better under a given set of conditions. This is not at 
all contrary to scientific precedent since in physics, for example, an 
electron may be regarded either as a particle or as a wave, depending 
on which description is more useful for a given purpose. 

A dual similarity model has one other advantage. The major 
problem associated with the purely dimensional model is that it can- 
not deal adequately with St0Os possessing mutually exclusive dimensions. 
On the other hand, no such problem is associated with the common ele- 
ments model. Therefore, a dual model provides a solution to this 
dilemma; that is, when mutually exclusive dimensions are encountered 
it is only necessary to regard the dimensions (or parts of them) as 
discrete entities and to determine similarity by counting the number 


of dimensions in common. 


Spatial Relationships 


There is, however, one weakness common to both models. Com- 
plex StOs cannot always be described in terms of attributes or dimen- 
Sions that pertain to the whole StO. That is, a given attribute may 
mefer either to the whole StO or only to a_part.of it. In the case of 
the attributes cited in William James' famous illustration the former 
fentrue, that is, the whole moon is round not just a part of it. This, 
however, is not always the case. Complex StOs may have parts that 
differ from each other with respect to colour, geometrical shape, tex- 
ture, luster, hardness, etc. The example on the following page Lili — 
trates this. StOs A and B both exhibit the attributes "roundness', 
'squareness', 'yellowness', and 'greenness'. However, since the attri- 


butes refer to different parts of the StOs, they form spatial relation- 
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43 
ships. It is important to consider these since the model by Impl te 
cation defines identity, and if spatial relations are disregarded, 
fhe model will lead to inconsistent results. That is, if similarity 
is determined by a counting of common (that is, identical) attributes 
or elements, then different degrees of similarity are eee depend- 
ing on the proportion of common attributes to the total number of 
@ctributes. In other words, since StO A and-B display four common 
attributesout of a total of four possible attributes, they should be 
identical. This, however, is obviously not the case. Consequently, 
the spatial relationship among the attributes has to be considered as 
an attribute itself. 

This consideration is particularly important since the formal 
Similarity definition almost universally used in verbal learning is 
a direct consequence of ates model and therefore, has the same pro- 


plem. The solution is identical. 


The Concepts of Identity, Similarity and Difference 


No treatment of similarity would be adequate if the related 
concepts of identity and difference were not also treated. 

It is obvious that a StO cannot be similar by itself, it has 
to be similar with respect to something. Consequently, similarity is 
a relationship between two StOs and may be considered a ‘relation’. 
Furthermore, a given StO may be more similar to some and less similar 
to other StOs. Thus various degrees of similarity are possible. If 
the degrees are ordered according to magnitude then the question of 
limits arises immediately. What are the end points, if any, of this 


sequence of degrees? The obvious choice seems to be to consider a 
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44 
degree of '100% similarity’ as ‘identity' and hence one of the end 
points. 

However, an argument presented by Noble (1957) based on an 
analysis of logical structure shows that one cannot consider "identity' 
as '100% resemblance'. He defines similarity using ‘symbolic language' 
as "...a relation between two elements' (p.. Dyes Thiseretactonmexhics 
bits the properties of nontransitivity, symmetry, irreflexivity, and 
nonconnexity while the 'identity' relation is transitive, symmetrical, 
reflexive, and nonconnexive. The lack of isomorphism between the 
relations on two of the properties is sufficient ground for reject- 
ing the statement that ‘identity' is '100% similarity". Nevertheless, 
a deeper analysis of Noble's argument is required. 

In one of his arguments Noble illustrates a joint by indica- 


ting that relations such as ‘greater than' and ‘less than' are transi- 


eave. “this 1s true, as’ long as they are” assumed’ to connect’ unidimen-— 


sional entities. The ‘greater than' relation is no longer transitive 
and in fact has no meaning when applied to such St0Os as ordered pairs 
of those from the set A=(2 lbs, 2 etl 3 sec, 5 cm/sec). What meaning 
Peethere in (692)>(2,5) or in’2 Ibs > 2°£t?’ Is’ the’ "ereater than™ rela- 


tion transitive or nontransitive in such cases? A relation, it seems, 


Sy element' Noble means 'StO' and the latter term will be 
used henceforth. The term 'element' will be used only to mean 'compo- 
nent part' as in the phrase 'common element’. 


+The equality relation may be used to illustrate the meaning 
of the various properties: 
Transitivitys-°1f a’="bY and” ’b cy then ‘a-="¢ 
Symmetry: if-a = Db then dD a 
Ree lextvity : a = a is meaningful 
Nonconnexity: a= b is sometimes meaningful, depending on 
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cannot be tested for transitivity symmetry or any other property 
in vacuo, that is, without specifying the nature of the StOs. 

In his article Noble (1957) does not specify the nature of 
the StOs but the implication is that a most general approach is intend- 
ed. Thus it might be assumed that the StOs are members of the real- 
and-abstract universe. If the dimensional approach to similarity is 
first considered, then the StOs are either unidimensional or more pro- 
bably multidimensional. In the case of unidimensional StOs the simi- 
Wartty relation is at all times transitive. This is obvious since all 
StOs eves eone degree of a common dimension, and as long as they possess 
even an infinitesimal amount of that dimension every StO will be simi- 
lar to every other StO. A practical example is a set of pure tones. 
Should the StOs be multidimensional, as they usually are outside the 
laboratory environment, then some rule may be given according to which 
the various dimensions may be combined into one resultant or index, 
thus retaining the transitive nature of the similarity relation. Never- 
eheless, one exception does exist. 

It was assumed above that all StOs possess, with varying inten- 
sities, a common set of dimensions. However, if this is not so and 
some StOs have one or more mutually exclusive dimensions, then the 
similarity relation need not be transitive. This is parallel to the 
"common elements' approach where StOs have mutually exclusive 'ele- 
ments' or as in James' example, mutually exclusive ‘attributes’. It 
is quite possible that he was the first to point this out in his clas- 
sical example of the moon, gas-jet, and foot-ball comparison. 

Moon and gas-jet are similar in respect of luminosity, and 


nothing else; moon and foot-ball in respect of rotundity, and 
nothing else. Foot-ball and gas-jet are in no respect similar- 
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that is, they possess no common point, no identical attribute 
(James, p. 378). 


Since attributes, at times, may be conveniently replaced by dimensions 
or parts of dimensions, this example may be taken as illustrating a 
case of mutual exclusiveness in terms of either attributes or dimen- 
sions. Consequently, the similarity relation can be either transitive 
or nontransitive, depending on the dimensions or attributes possessed 
by the StOs. In summary, as long as all StOs possess at least one 
element (attribute, dimension) in common with every other StO in the 
universe of StOs, the transitivity property holds. This, however, is 
a most unsatisfactory limitation. 

The other property besides transitivity which is not shared by 
the “similarity' and 'identity' relations is ‘reflexivity’. According 
to Noble, the statement 'A is similar to A' is never meaningful. How- 
ever, whether a, StO.is similar to itself or not. is more a matter of 
definition of philosophical position rather than of logical proof. 
While Noble chooses to consider the similarity relation irreflexive, 
others may choose to define it as reflexive. Nevertheless, this ques- 
tion is an academic one since the similarity relation can only be 
transitive under severe limitations and therefore, there is no need to 
try to define it as reflexive. 

Consequently, under the most general circumstances, in both 
models of similarity, the 'identity' and ‘similarity’ relations are 
not isomorphic and there seems to be 


a. justification for interchanging them within any formal 
context. To do so would constitute equivocation and result in 
chaotic discourse. Those who consider identity as '100 percent 
resemblance' may derive this from some Platonic agrument about 
ideal limits, but not on the basis of an analysis of shogical struc] 


ture (Noble, 1957, p. 27). 
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Nevertheless, the acceptance of the two relations as not 
isomorphic and mutually exclusive does not ipso facto invalidate 
the statement that '100% resemblance’ is ‘identity’. The similarity 
relation as formulated by Noble has the form 'similar'; the above 
relation, on the other hand, has the form 'n% similar'. The two rela- 
tions are not the same: one is qualitative and the other is quanti- 
Smive.) Thesformer treats-similarity on an alli-or none basis, that 
is, two StOs are either eee or they are 'not-similar'; the 
latter, differentiates between varying degrees of similatity within 


the connective. Therefore, 'n% similar’ may be interpreted as a 


compound relation joining two simple and mutually exclusive rela- 
° ° ° ° 7 Plein 1 
tions with the ‘exclusive or' connective. Thus what 'nZ% similar 


stands for is: 
[n% similar | 0 <n < 100 (OR) identical | n=100] 


Hieotner words, the StOs are either similar’ (0 <n < 100) but not iden- 
tical (n=100); or they are identical (n=100) but not similar (0<n<100). 
In this way 'similarity' and ‘identity’ remain mutually exclusive and 
since there is no requirement of isomorphism for the formation of a 
compound relation, Noble's conditions are met. Consequently, there is 
no question of interchanging ‘similarity’ with 'identity', but a matter 
of combining the two in an ‘exclusive or' relationship. The statement 
'100% similarity is identity’ although technically inaccurate is, 
nevertheless, connotatively expedient. Perhaps the precise expression 


should be used: 


[n% similar | 0 <n < 100 (OR) identical | n=100) 
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48 
However, as long as 'n% similar' is regarded as being thus defined, 
there seems little harm in using the shorthand notation. There is, 
in fact, an added advantage since the precise expression has to be 
modified even further if it is to include the second end point of 
"difference'’ when 'n' equals zero percent. The precise expression 


would be too cumbersome since it would have to express the following 


logical relationship: 


(A@B)C' + A'B'C where A=similar (0<n<100) 
B=identical (n=100) 
C=different (n=0) 
Ay, B,C) “indicate negation ofA, baa: G 


© ‘exclusive or' 


Since this is a relatively complex statement it is much simpler to use 
"'n% similar' and to define it to mean the above. Thus there is no ques- 
tion of interchanging similarity and identity but only an attempt to 


“mse a shorthand notation. 


The Concept of ‘Level of Detail' 


The relationship between similarity and difference has been 
clarified and reduced to an exclusive 'or' relation. Nevertheless, 
there is one qualification that has to be made. 

Usually when the term 'different' is used outside the labora- 
tory environment there is little disagreement as to thesrellative.cor-> 
rectness of the designation, since most individuals assume a "common 
level of detail'. However, there are different levels, and St0Os,that 
are different at one level may be either similar or identical at a 


different level of detail. As early as 360 B.C. Plato pointed this 
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out, everything 
-..when seen indistinctly and at a distance, appears to be 
one; but when seen near and with keen intellect, every single 
thing appears to be infinite...as in a picture things appear 
to be all one to a person standing at a distance, and to be in 
the same state and alike...[but when approached]...they appear 
to be many and different (p. 511). 
This implies that StOs may be perceived at different 'distances' or 
levels, and those that were considered identical at one level (of 
detail) would be different at aufiner- levels ~For-éxamplej vans 'A’ ois 
still an 'A' whether large, small, printed, written, or painted. 
However, at a finer level of detail the exact physical appearance of 
the letter may make it different, or only similar to another 'A'. 
Consequently, questions about similarity, difference, and identity have 
to be modified to include a reference to the level of detail at which 
a given analysis or Gneeeneat is toebe made. This is particularly 
important for learning experiments where non-meaningful materials are 
Used )since the Ss'have to work at a finer level of detail thaniis usual 
when the StOs are meaningful. In other words, meaningfulness may it- 
self be regarded as being on a different level. For example, evalua- 
tion of similarity between meaningful words does not involve the ex- 
amination of the individual letters for identity. At the other extreme, 
evaluation of similarity between two letters may be reduced to consid- 
ering either their visual or aural characteristics. Thus, the level 
Oridetail«is not la eee hierarachical representation but rather may 
involve the use of more than one modality at essentially the same level. 
Consequently, the similarity relation is not absolute but 


rather relative, and the question, whether two StOs are similar cannot 


be answered without asking at what level ‘of .detail«the judgement “or 
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analysis is to take place. 


The Relationship Between the Theoretical and Empirical Models 


As was stated at the beginning of the Chapter, the task of 
the analyst and judge are rather different, and so are the products 
Or their work. Teer eccer test model can use, in fact must use, in- 
trinsic characteristics of the StOs in arriving at evaluations of 
similarity. However, no such restriction is placed on a judge who is 
often asked to estimate the ‘overall similarity’. Furthermore, the 
analyst must specify at what level of detail the evaluation is being 
made; a judge, on the other hand may use any level that seems appro- 
priate to a particular comparison. Thus, it is quite possible that 
different pairs of StOs are judged at different levels. 

The relationship between these two ways of 'measuring' simi- 
larity is particularly significant for learning studies where the 
definition of similarity that is presently being used is strictly in 
#erms -of ‘the physical or intrinsic characteristics of the StOs. The 
Ss on the other hand, may behave more like the judges, that is, they 
May react to the environmental characteristics rather than to the 
physical ones. Furthermore, the Ss may at times use a different level 
of detail from that which E expects them to use. For example, the 
researcher may consider that in the set (BLK, WHT, WHL) the first two 
trigrams are different while the last two are similar. The Ss, on the 
other hand, may perceive the first two as also being highly similar 
because they both contain the essential letters of the polar pair BLacKk 
and WHiTe. Thus, while for the experimenter one pair is similar, for 


the Ss two pairs of trigrams may be similar. Consequently, the degree 
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of similarity is much higher than would be expected strictly in terms 


of physical similarity! Nevertheless, the experimenter has no other 


choice but to use physical similarity because psychological similarity 
can be expected to be too unstable a variable. This is evident from 
the fluctuations to be found in similarity judgements which vary not 
only from S to S or from one group of Ss to another but are also infl- 
uenced by such factors as the relative position of the StOs during the 
presentation or by the nature of the whole stimulus set. For example, 
Attneave (1950) found that the similarity judgements were affected by 
the physical distance between the StOs on the cards on which they were 
presented. 

More specifically stated, the perceived similarity of two 
triangles depends not only upon similarity of slope between 
corresponding sides, but also upon similarity of slope between 
proximate sides. Thus the perceived similarity of the same two 
triangles differing in form may either be enhanced or decreased 


by a change in their left-right placement (p. 542). 


The difficulty with similarity judgements is that they 'do not stay 


! ! 


put* as Torgerson (1965) would say; that is, ...similarity does not 
exist as a unique, invariant relation between a pair of stimuli, but 
rather depends upon such things as stimulus context and the cognitive 
strategy taken by the subjects" (p. 383). Thus in one experiment des- 
cribed by Torgerson (1965) some of the Ss used two psychological dimen- 
sions in arriving at their similarity judgements while the rest used 
three. The different strategies, of course, resulted in 'very differ- 
ent configurations’ (p. 386). As Wallach (1958) pointed out in his 
article on similarity, Ss may perform a "selecting and ignoring function' 


e ° s e ies * * 
and thus focus on different dimensions or combinations ot dimensions 


in judging similarity. Furthermore, it cannot be assumed that all.the 
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Dz 
dimensions will be given equal weight by all the Ss, nor that all Ss 
will be even aware of all dimensions in the first place. Chambliss 
(1957), for example, found that physical measures on the sides of 
geometrical figures were not significant while those on the angles 
were very important in determining similarity judgements. Although 
in the latter case there was consensus among the Ss as to which char- 
acteristics of the StOs were to be weighted more, this is not always 
the case (cf. Torgerson, 1965). Furthermore, in 1962, Osgood found 
that even though the Ss were told the three dimensions that they were 
to use in their judgements, three different groups of Ss produced 
different results depending on their cultural background. But, as 
Muir (1968) has pointed out, these results have mostly been ignored 
by researchers including Osgood. Nevertheless, the fact remains that 
different Ss judge similarity differently, and the same StOs may be 
judged to have different degrees of similarity under different condi- 
tions: If this is the case when the attention of the Ss is specifi- 
cally directed to similarity, how much greater must the variability be 
when the Ss are simply learning the material. This is, perhaps, one 
of the reasons why experimenters have attempted to study only the re- 
lationship between physical similarity and learning. However, if it 
is psychological similarity to which the Ss are responding, should it 
not be used as the independent variable in spite of the variability? 
Perhaps, however, the idea does not seem to be too practical since it 
would have the tendency to anchor research in a morass of variability. 
It seems, therefore, much more meaningful to keep on striving to pro- 
duce better and better definitions and models of physical similarity 


and to use this reference system for trying to understand how different 
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Ss see different things as being similar and how different circum- 
stances produce different perceptions of similarity. Such a refer- 
ence system would 'stay put", and would be a unique and invariant 
relation between a pair of StOs. 

Consequently, one way of looking at the relationship between 
physical and psychological similarity is to consider the latter as 
an estimate of the former. That is, given the task of judging StOs 
for similarity, what the Ss produce is only an estimate of physical 
similarity because they are required to give an ‘overall’ evaluation 
without benefits of any measuring instrument other than themselves. 
Consequently their estimates, the psychological similarity judgements, 
are understandably rather inaccurate. Like any other judgements they 
are subject to any and all perceptual errors and are highly dependent 
on the Ss ability. Osgood (1962) showed that cultural background 
was a eee in similarity judgements and therefore, it is very likely 
that there are other variables such as age, sex, intelligence, etc. 
that might also affect the quality of the judgements. In psychophysics 
it is acceptable to talk about the accuracy of judgements when the 
relation is heaviness, for example. Why should it be less reasonable 
Eowdo.so for the similarity relation? In both cases the Ss are com- 
paring a set of StOs. Perhaps the reason is the lack of a measuring 
device for similarity. When a S judges weight A to be heavier than 
weight B this can be checked immediately for accuracy because a mea- 
suring device exists which will, within a slim margin of error, give 
a reasonably accurate answer. On the other hand, there is no ready 
made instrument which could be used to 'measure’ the degree of simi- 


larity between two StOs, and the best approximation can only be 
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54 
obtained by painstaking analysis. The theoretical approach to simi- 
larity, of course, is trying, to set up some sort of guidelines 
whereby similarity between StOs could be determined easily and with 
as small a margin of error as possible. However, the task of sep- 
arating reality from illusion and any effects caused simply by 
variability in the Ss' ability or the external conditions is not easy. 
Nevertheless, at one time it was thought that the sun went around 
the earth and although the perceptual illusion still persists, this 

is no longer believed. 
This then is one way of looking at the relationship between 


physical and psychological similarity. 
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Chapter 4 


THE RELATIONSHIP BETWEEN SIMILARITY 
AND LEARNING 

The application of the explicated concept of similarity to 
learning required an examination of the other variables relevant to 
the learning situation. First, it was necessary to determine the 
basic learning behavior of the subjects (Ss); that is, are the Ss 
primarily passive or active participants in a learning experience? 
An examination of the relevant literature indicated overwhelming 
evidence in support of the hypothesis that Ss actively look for 
learning strategies and for means to facilitate the learning task, 
and that they do so under all sorts of learning conditions. There- 
fore, if the Ss are active seekers of learning strategies, what 
would they do with similarity? An examination of similarity in 
the context of learning indicated that similarity has a tremendous 
potential for serving as a basis for organization. This raised 
the next question, what is the effect of organization on learning? 
The evidence from research supported the hypothesis that organization 
facilitates learning. Consequently, if Ss are active learning-stra- 
tegy seekers, and if similarity has a great potential for organiza- 
tion (which is known to be a facilitative factor in learning), then 
the conclusion that similarity should facilitate learning ts’ ines- 


Capable. However, this conclusion was contrary to at least half* of 
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the findings of verbal learning experiments. 

This chapter will summarize the literature dealing with the 
three crucial hypotheses (propositions) which led to the conclusion 
that similarity should facilitate learning. The next chapter will 
examine this conclusion ysis light of the experimental findings 


thereby explicating the similarity concept in relation to Learning. 


Assumption. Similarity is one phenomenon. Therefore, under 


equivalent conditions it should affect learning in the same way. 


Proposition I. Ss do not primarily learn by rote. Given 
a learning task, whether paired-associate (P-A), serial, or free 
recall, Ss seek devices or strategies whereby they can make the task 
easier. They tend to organize, structure, or make sense of the 
material so as to facilitate learning. They do so even under the 
most adverse conditions. 

In other words, the Ss are not passive but active partici- 


pants in the learning task set before them. 


Peopositiont iis +Simblarity ;.beingra relationship between 
two or more stimulus objects (StOs), has potential for organization. 
A given StO cannot be similar by itself but must be similar 
with respect to something. This relationship, therefore, may be 
used as a basis for grouping the StOs into classes. Since there 
is no guarantee that Ss will use the common attributes, dimensions, 
or relationships for classification; therefore, it must be said 
that similarity provides only an opportunity for organization or, 


in other words, has a potential for organization. 
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Proposition III. Organization of the material to be learned 
facilitates learning. 
The term 'organization' is to be understood to refer to such 
activities as grouping, 'chunking', coding, clustering, structuring, 
ordering alphabetically, using mediators or mnemonic devices, 


spatial configurations or patterns, etc. 


Conclusion. Similarity should facilitate learning assuming 
that it is one phenomenon. 

More specifically, similarity, assuming that it is one 
phenomenon, whether among meaningful or nonsense StOs, will facili- 
tate learning if the Ss are given the opportunity to use the 


organizational potential due to similarity in the material. 


Proposition I 


Ss do not primarily learn by rote. Given a learning task... 
Ss seek devices or strategies whereby they can make the task 


easier (p. 56). 
Similar propositions have been put forth by Gibson (1966), 
Manis (1966), and Shepard (1966). Their articles represent a 


revival of interest in an area which has been ignored since the 


time of Gestalt Psychology. 


It has been ignored because the traditions Of, SEtrsey 
behaviorism and, later, operationism tended to prevent 
psychologists from speculating about symbolic processes 
inside the memorizer and encouraged an organization of 
the field in terms of what the experimenter, rather than 


ies a discussion of 'chunking', coding, clustering, etc., 
see pp. /3-79. 
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the memorizer, was doing....[however]...It is the learner, 

not the experimenter, who must be explained (Miller, Galanter, 

and Pribram, 1960, pp. 126-126). 
The authors go on to a severe, and at times, sarcastic criticism of 
experimental psychologists who prefer to ignore the existence of a 
mediating or organizing process in the learner. In this they find 
themselves in agreement with the criticism of Woodworth and Schlos- 
berg expressed as early as 1954. 

Since that time, but more specifically since the early 
sixties, evidence has been accumulating in support of the above pro- 
position. Therefore, it seems that the learner can no longer be 
viewed as a passive system, but as 

»..an active agent with a definite, hopefully decipher- 

able, internal structure. The ubiquity of evidence for 
processes of searching, grouping, and ordering in recent 
Studies suggests...that these processes represent neither 
occasional lapses nor mere epiphenomena of this underlying 
structure. They represent...its fundamental modus operandi 
(Shepard, 1966). 
In P-A learning, for example, there is little doubt that mediation 
does occur. "Subjects too consistently report the use of verbal 
mediators to link the stimulus representation and the response 
representation to deny the basic process" (Underwood, 1964). Re- 
ports of such strategies can be found as early as 1947 (Heidbreder, 
pp. 112-113) and as recently as the 1960's (Underwood and Schulz, 
1960; Farber, 1963; Eagle and Leiter, 1964; Martin, Cox, and 
Boersma, 1965; Martin, Boersma, and Cox, 1965; Battig, 1966). 

Evidence of grouping processes comes from free recall stu 

dies where a phenomenon called 'clustering' was observed. Bousfield 


and Bousfield (1966) define this as "...The occurrence of sequences 


of related items in the free recall of a randomly ordered stimulus 
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tet (p. 935). The lists usually contain words from a number of 
categories such as animals, vegetables, professions, articles of 
clothing, or musical instruments, etc. In recall it is found that 
the Ss group like items together and that this grouping occurs sig- 
nificantly more often than it should by chance alone (Bousfield, 
1953; Bousfield and Cohen, 1953; Bousfield, Cohen, and Whitmarsh, 
1958; Coffer and Bruce, 1966; etc.). Subsequent research has 
shown that Ss can use other than the taxonomic classes as bases 
for clustering (Jenkins and Russell, 1952; Jenkins, Mink, and 
Peecell, 1958; Rothkopt and Coke, 1961; Bousfield and Puff, 1964; 
Pollio, 1964; Marshall, 1967). A rather comprehensive summary of the 
different bases for clustering can be found in Bousfield and Bous- 
field” (1966, p. 940). 

A different type of clustering was examined by Tulving and 
his associates at Toronto (see references in Tulving, 1962b, p. 189). 
Rather than provide Ss with lists containing experimenter (E) imposed 
categories or associations, Tulving used randomly selected words, 
and measured the constancy with which Ss used the same sequential 
ordering of words in successive free recall protocols. He found that 
Ss do indeed have a strong tendency to recall items in the same order 
on different trials even though the words are presented in a differ- 
ént order on every trial (Tulving, 19624). "Since 1€ is-the 5S whe 
imposes mies ordering, Tulving called it "subjective organization’ 
or (SO). A similar procedure was later adopted by Bousfield and his 
associates; however, they called it ‘intertrial repetition’ or ITR. 
Their findings confirmed those of Tulving and his associates (Bous- 
field, Puff, and Cowan, 1964; Bousfield and Abramczyk and Bousfield, 
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Glanzer and Meinzer (1967) attempted to determine the nature 
of the organizing process during a free learning task. Their conclu- 
sion was somewhat negative in that they found that simple repetition 
of the words to be learned was not an effective technique and lowered 
overall recall; therefore, an effective technique must "...consist of 
some other activity" (p. 934). However, they do not speculate as to 
its nature. 

Kendler (1964), discussing concept formation, touched on the 
topic of clustering since he felt that its implications were rele- 
vant to conceptual behavior. In fact he concluded that "...the phe- 
nomenon of clustering illustrates concepts in action" (p. 221). 
Miller (1958) made an even more general statement when he said that 
"...verbal learning is merely a simple form of concept formation" 

(p. 490). Osgood would probably take exception to these statements 
and consider such 'concepts' much too broad to have any useful func- 
tion (see Osgood, 1953, p. 667). a his criticism of Hull's classi- 
cal experiment (1920), Osgood objected to the use of the term '‘con- 


cept formation’, stating that it would seem that Hull was °...study- 


ing the development of labeling...." rather than that of concept 
formation (p. 667). However, Bruner, Goodnow and Austin (1956, pp. 
41-43) list three types of concepts: conjunctive, disjunctive, and 
relational; and it is the formation of conjunctive concepts that Hull 
was studying. Thus, the arguments revolve around the selection of 

an appropriate name for this type of behavior, not as to its nature. 
However, regardless of how it is named, this type of activity still 
remains a form of structuring or organization and manifests itself as 


clustering in free recall studies. In Hull's experiment Ss must also 
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61 
have searched for means to organize the material in what they were 
told was a straight memorization task since, with practice, they 
were able to correctly label new instances of the concept. 

More recent evidence that Ss do not as a rule learn by rote 
comes from studies by Segal and Halwes (1965, 1966), and Smith (1965). 
Segal and Halwes (1966) found that when Ss were presented with a 
relatively large number of verbal sequences the Ss made ‘errors of 
comission’. That is, they generated many Sequences which were not 
in the original list but which could be produced on the basis of a 
simple 'generative grammar’ (cf. Chomsky and Miller, 1963). The au- 
thors conclude: "In addition to learning some of the sequences the 
Ss learn rules of combination by which they generate sequences" 
(Segal and Halwes, 1966, p. 157). 
Further evidence of Ss' perspicacity comes from a host of 
studies on stimulus selection (Shepard, Hovland, and Jenkins, 1961; 
Sundland and Wickens, 1962; Underwood, Ham, and Ekstrand, 1962; 
Lawrence, 1963; Underwood, 1963, pp. 33-48; Leicht and Kausler, 1965; 
Martin,1967). As the recency of these dates indicates, stimulus 
selection (or the difference between the nominal and functional sti- 
mulus) was not considered relevant to the standard S-R model prior 
to the 1960's. However, by the time of the second conference on 
Verbal Learning and Verbal Behavior its status had changed. Wickens 
(1963), summarizing the conference stated: 
...the concept of the functional stimulus entered into 
the previous conference only in a tentative and speculative 
fashion. This time it has been represented by a formal paper, 
and this quasiperceptual process - stimulus selection by the 
subjects - seems to be well integrated into the thinking of 
S-R theorists....the term was used quite freely and in an 


explanatory fashion....It seems...that there was a bold, confi-~ 
dent usage of a concept that would have been used appologetically- 
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or beligerently in the form of an abstraction - in circles 
such as this only a few years back (p. 377). 


It was only in 1958 that the full importance of the implication of 


discrepencies between the 'nominal' and 'functional' stimulus came 


to Underwood's attention (Underwood, 1963, pp. 34-35). The observa- 


tions were made by Mattocks under Underwood's direction and are re- 
ported in Underwood and Schulz (1960, 297-298). From post-experi- 
mental interviews Mattocks discovered that 62% of the Ss reporting 
associations believed that they had used only the first letter of 
the trigram as the functional stimulus. 
...-it is evident that in many learning situations, upon 
presentation of S [nominal stimulus], Ss selectively focus 
on only certain aspects of S [functional stimulus] and that 
frequently they code or recode those perceived aspects in 
various ways so as to obtain a facilitory mediating link 
Pemween sand K....(Martin,- 196/, p. 2/2). 
In fact Underwood (1963) commenting upon this selective behavior 
Piethe part of the $ states that 
...The college sophmore is a perfect confirmation of 


the law of least effort. Why fuss around with all three 
letters of the stimulus when a single one will do the trick? 


p35) 

The fact that stimulus selection may occur is definite evi- 
dence that Ss cannot be considered as passive organisms but, on the 
contrary, must be regarded as active participants who bring to the 
situation well-developed learning habits, preferences, and strate- 
gies. That Ss prefer to deal with certain stimuli over others has 
long been recognized in rote learning studies (Korwoski, 1931; 
Postman and Riley, 1957), and in studies on concept formation (Eck- 
strand and Wickens, 1954; Shepard, Hovland, and Jenkins, 1961). 

As early as 1939 Newman demonstrated that not all parts of a Begeste 


passage were equally important to the learner. Subsequently, 
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63 
Postman and Senders (1946) showed that what is selected as important 
and what is remembered is strongly determined by the Ss' set, and 
that the latter can be manipulated to produce a variety of selections 
of information. In other words, when Ss are presented with a situa- 
tion they will 
...usually interpret the situation as requiring a particu- 
lar 'mode of attack" and...these 'demand' characteristics of 
the situation, without very specific instructions, determine 
the way the subject will handle the task (Mandler, 1967, p.19). 
In the absence of instructions Ss will make up their own. For example, 
mnieone free recall task, without specifically being told to do so, 
two Ss reproduced the word list in alphabetical order (Tulving, 1962b). 
There is, of course, no guarantee that any two Ss will interpret the 
situation in the same way, select the same mode of attack, or use the 
same technique of structuring the material. Discussing the related 
topic of Ss" awareness of the purpose of the experiment, Feber (1963) 
suggested that Ss should be questioned on this point post-experimen- 
tally, and that this 'awareness' should be considered as a variable 
in many instances. It seems reasonable to conclude that a similar 
procedure should be used to find out what the Ss' learning strategy 
was, particularly in view of the evidence that Ss as a rule do not 
seem to learn by rote but look for relationships, structure, and 
means to facilitate even the most meaningless learning tasks. At 
times, it seems that Ss find regularities or rules even ‘when none 
are to be found'. Shepard (1963, p. 61) cites a study by H. M. 
Jenkins (reported at the 1960 meeting of the AAAS) in which Ss were 
presented with pairs of digits and instructed to produce a third 


digit as a response. However, since the responses were said to be 


i 1 
correct or incorrect according to a prearranged schedule, no 
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"solution' was possible. Nevertheless, the Ss almost invariably 
insisted that they had discovered rules, although typically complex 


ones, which would enable them to give the correct responses. 


Proposition IT 


Similarity, being a relationship between two or more 
stOs, has potential for organization (p. 56). 


This proposition may seem somewhat self-evident. However, 
what may not be immediately clear is that almost all of the evidence 
cited under Proposition I illustrates grouping or organization on 
the basis of similarity. 

Clustering on the basis of common categories as well as on 
the basis of synonymity is rather an obvious example. However, 
associative clustering is somewhat less obviously similarity based. 
Osgood (1953), discussing this problem, states: 

All semantically determined associates are similar in 

some way to the stimulus word, similar in meaning...similar 

in context...or similar in the sense of hierarchical relations 

(NEEDLE steel, instrument, implement, tool, metal) (pp./08-709). 
So called 'clang' associations although not meaningfully similar are 
accoustically similar. Karwoski and Schacter (1948) conducting an 
extensive analysis of free associates found that these could be 
categorized as some form of either similarity or contrast. Osgood 
(1953) attributes the production of the latter to verbal habits in 
the culture and to overlearning. Nevertheless, there is an alter- 
nate interpretation. Contrast associations such as light-dark, good- 
bad, or man-woman may be regarded as being highly similar in that 
they are, in a sense, symmetrical representations or mirror images of 


the same thing. That is, they are identical except in that they occu- 
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py opposite ends of the semantic spectrum or are rotated 180° on the 
dimension of meaning. Such an interpretation would be consistent with 
the high similarity ratings that Ss seem to give to mirror-image non- 
sense words and geometrical figures (Runquist, 1968a & b; Attneave, 
1950). In addition, Haagen (1949) found that ratings of similarity 
and ratings of association are highly correlated (pp. 290-291). 
Consequently, all associative clustering, and therefore all clustering, 
may occur as a result of similarity based grouping. 

In P-A tasks the grouping is superimposed by E and Ss have to 
learn which two words belong in the same group (pair). An examination 
of mediational strategies used by Ss in one study by Martin, Boersma, 
and Cox (1965) showed that 59% of these were similarity based. That 
is, 24% of the Ss used the common part of each word to remember the 
pair and 35% of the Ss invented an intervening word which was similar 
in some way to the two that were to be associated. The remaining 41% 
of the Ss either used no strategy that they were able to verbalize 
(12%), used simple repetition (11%), or invented a complex coding 
strategy (18%). Thus it seems that more than half of the Ss found 
similarity useful in remembering the P-A pairs. When the similarity 
of a pair is considered against the ground of the other pairs in the 
list it seems that Ss prefer to learn like or similar pairs firse, even 
when this similarity is only group membership. Thus in a study by 
Postman and Riley (1957), Ss tended to learn number-number pairs and 
word-word pairs first and mixed pairs (number-word) second. 

However, the best example of the organizational potential of 
similarity is to be found in language itself. The human organizm is 


surrounded by an ever changing environment which is composed of a vast 
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66 
array of discriminably different objects and people. The Optical 
Beciety of America (1953) estimates that there are seven and a half 
million just noticeable colour differences alone, and in a relatively 
short time, one comes in contact with a fair proportion of them. Any 
attempt to develop a vocabulary to match this capacity for discrimi- 
nation would soon overwhelm the organism. In the words of William 
James, ''The world would become a "buzzing, blooming confusion". How- 
ever, the organism is saved from chaos by the ability to categorize, 
that is, 

...to render discriminably different things equivelent, 

to group the objects and events and people...into classes, 

and to respond to them in terms of their class membership 

rather than their uniqueness (Bruner, Coodnow, and Austin, 

HG ep. tL). 
Consequently, there are only six colour names in common usage instead 
of over seven million. From childhood the organism learns innumer- 
able labels or concepts such as 'dog', ‘cat', 'friend', ‘house’, etc. 
In each instance the label refers to a wide variety of discriminably 
different StOs which, nevertheless, are grouped together because of 


some common characteristic or property. A child may not be able to 


verbalize what the critical attribute or set of critical attributes 


ak was mentioned before under Proposition I, some writers 
refer to this type of learning as concept formation (Bruner, Good- 
now, and Austin, 1956; Kausler, 1966; Manis, 1966), others prefer 
to call it 'a learning of labels' (Osgood, 1953), while still others 
discuss the controversy without taking sides (Kendler, 1964; Forgus, 
1966). Since the controversy is not relevant to the discussion, the 
author will use the terms ‘simple concept' and 'label' synonymously, 
and the word 'concept' will be understood to refer to such "labels' 
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67 
is, but as long as it can indicate new instances of the concept it will 
be assumed to have mastered that concept. Even adults may have to 
pause and think before they are able to verbalize the exact attributes 
or dimensions which enable them to recognize members of the very 
common 'chair' category. To say that these StOs are used for sitting 
is not enough (e.g. benches, stools, boxes, etc.), nor can they be 
described as having four legs and a back (e.g. sofa, hanging chairs, 
Bremlce chairs, etc.)., In fact the task is not as easy as it first 
appears, and when such classes as 'beautiful things' or "ugly things' 
are considered, the problem seems very complex indeed. Hull (1920), 
patterning his experiment on the natural process of concept attain- 
ment, found that although the Ss were able to identify new instances 
of the conjunctive concepts presented to them, some were unable to 
verbalize the rule which enabled them to do this. 

In addition to conjunctive concepts which are defined "...by 
the joint presence of the appropriate value of several attributes" 
fo. 4b), Bruner, Goodnow, and Austin (1956) also define disjunctive 
concepts which, on first inspection, do not seem to be similarity 
based. A disjunctive category is characterized by a selection rule 
of the form ‘property A or property B or both’. Thus, a ‘strike’ in 
baseball is a good example of a disjunctive concept since it is called 
under three different sets of circumstances. The little research © 
that is presently available suggests that Ss experience great dit ei 
culty in learning disjunctive concepts, and often act as if these 
were conjunctively organized even though they are not given any rea-~ 


sons to assume this (Manis, 1966). 


7) . ree ae | 
Pty 4? tema wor aida ne aoa sia oevitind seat 


4 aa «ui! Sa eLisi aia Aaeewz, F oat 0a teres vind 
saeyusriin Jars is oer tat ay et eee ate rails ceuna 


4 


“G7 > 4 7a i ’ an | (hg OO ie ij op — ad 

als Uadt: Tee ut eau 

al. OG fi 7 ¢ euendd- | Fas 7.4 meiteeen Reape 

vil ‘ m 2 ore = 

eFTRaOD a ( hla) oe aa) 8 » dae Weel, teal ieee: a 
2 a} 


: ‘ . 
404734) & Vics -* ; ; ee e] 12.538 


’ 


ralats Qa meee 
_ 4 


» 
~~ 
- 

o= 


(se doe (este! = Stace. cer eed enbeang eer 
afiesia Dies 7 iv¢m thevete wis Feral eae 9 
SeacetG) wen eiltr< oa cin) OR) wars thovecie?a 


53 - thks 2H fos eT ‘Tonbere iad ab bien % 
ce ; 4 
a 7 oe fytein SE 

- \ . re 2 


2 : ep 


i bapehd th Aviv beaten teh tage ay teba 


‘oudwisiaa Zpresse Yo wil; 1p iia ad ate Ya eae 
putida tal ankiob cal (RI) al dbeas hee ‘deal 4 


To oe ac Ne & 


Vitwiintce o¢ «i even ‘cn Of iS) dae) [0949 Be , 


, 

a | 
- Ba a fay ani< Atma « Prowse 206350390415: OF i. ofv tes oe 
‘ 


: : 7 ; ] 
ee else” & pent? fond se. eteny > heel 
1 ait ah ae enalle aeubeds actinevialh 2 Yo aldense 


1) Bier i 7 a 


een oidatt =! .cmonferiprrie Jo, thie 
a 1 dete se iaates c= guile hiss pas "y old’ ange 
ae seine RF.64 She Eetie Win ,wteeSned eee 9 
a. me: pte Sat.ort cuss’ shy pie a has) ceute 


ae ia a w= Oe 


: - 
 @ owas ape td . 


= 


e oe 7 , 
he ine at ih any 
= aa 
ial aA a 
ae V6 a i 
oo | Te 0 oh on 


68 
It is as if people generally expect that when different 
exemplars are given the same label, they must have some common 
underlying characteristic(s), and thus they find it diffi- 
cult to accept the notion that two exemplars may both belong 
in the same category but for different reasons (Manis, 1966, 
p> 45). 
Bruner, Goodnow, and Austin (1956) cite a number of examples of dis- 
junctive concepts from culturally defined areas, medicine, and science. 
They remark, however, that in science in particular such concepts 
are regarded with suspicion, and often are later redefined in conjunc- 
tive terms. 
So frequent have been these instances of eventual obso- 
lescence of disjunctive definitions of classes of events 
that the very discovery of one such seems to act as a chal- 
lenge to future research rather than as occasion for celebra- 
ting a "finding'"....One eventually begins to wonder whether 
Nature herself does not abhor disjunctive groupings! (Bruner, 
Goodnow, and Austin, 1956, pp. 161-162). 
Although, to the author's knowledge, there have not been any attempts 
to estimate the proportion cf disjunctive concepts in the ianguage, 
it seems that they represent a very small and possibly shrinking 
percentage of all possible concepts. In view of their relatively 
small proportion in comparison to the number of conjunctive and 
relational concepts, they cannot be thought to affect the hypo- 
thesis in a significant way. Nevertheless, the fact remains that 
StOs are placed into disjunctive categories on the basis Otied 
common selection rule, and this may be interpreted as being the 
one thing that these St0Os have in common and thus they are being 
grouped on the basis of similarity. Although the same argument can 
be used with respect to relational concepts which are defined 


"J .by a specifiable relationship between defining attributes '"(Bru- 


ner, Goodnow, and Austin, 1956, p- 43), there is no need to do so. 
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A relationship such as 'the first dirt is larger than the second' 
used to define the group 71, 43, and 95 can be considered as existing 
in the StO configuration very much like any other simple physical 
attribute such as red or round. In fact, in many instances it is dif- 
ficult to say if a concept is predominantly conjunctive or relational. 
For example, can a pile of mechanical parts be considered or recog- 
nized as a member of the category 'motor', or a stack of prefabricated 
parts as a 'house'? It seems that "...the joint presence...of several 
attributes" is not enough to specify such categories as 'dog', 'house' 
motor', ‘chair', etc. What is needed in addition to the "presence 
of attributes" is some specification as to the relationship among the 
parts or attributes which may be spatial, temporal, or even abstract 
in character, as in the above case. An example of a temporal rela- 
tionship is the category or concept 'melody' where a collection of 
specific musical tones is not enough to define the class. The same 
is true of the category 'O Canada' and other specific melodies. 

As a result of this interpretation, a very interesting ques- 
tion arises: Are all conjunctive concepts or categories relational 
in character? A quick inspection of the nature of attributes indi- 
cates that this is not so. It is found that in those instances where 
the attributes refer to the whole StO they do not, and in fact can- 


7 : ; 3 h 
not, form any relationships with other attributes. In those cases 


>this question will be discussed in greater detail under 
Proposition III because it is much more relevant there than here. 
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70 
where the attributes refer only to a part of the St0, relationships 
are unavoidable and, in the majority of cases, must be regarded in 
Bruner's terms as "critical or relevant" to the process of classifi- 
cation. That is, without such relationships the StOs would not be 
recognized as members of that particular class. 

In summary then, conjunctive concepts, with or without rela- 
tional overtones, and relational concepts may be regarded as being 
similarity based. Disjunctive concepts, on the other hand, may or 
may not be considered as similarity based depending on the accep- 
tance or rejection of the above given interpretation. However, 
because of the latter's small proportion, the contention that lang- 
uage is primarily similarity based will not be unduly affected should 
the interpretation be rejected. 

The human organism, surrounded by a vast number of StOs, poss- 
essing a great capacity for differentiation, uses the common attri- 
butes or relationships in order to organize the enviroment into mana- 

° a coe Bi gavig 06 hea teas. ds! iened 
geable portions to which distinct labels called ‘words are assig : 
However, the vast number of StOs possess many distinguishable charac- 
teristics or attributes and if different ones are selected as being 
"critical', different groupings may result. 

Obviously, any object may be classed with other objects, 
depending upon the level of abstraction chosen and the parti- 
cular set of concepts chosen within that level. For example, 

a single automobile may be described in a variety of ways, 
depending upon the level of abstraction chosen and the parti- 
cular way in which... fone wishes]...to slice that level of 
abstraction. It may be variously termed a Ford, a conver- 
tible, a means of transportation, a blue object, a mechan- 

ical contrivance,...a mass of electrons, etc. There are ; 
almost an infinite number of ways to describe the car, to class 


it with other objects...(Forgus, 1966, p. 310). 


For each concept there are critical defining attributes and relation- 
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ships which are shared in common by all members of that class and 
which distinguish them from non-members. What is a non-critical 
attribute for one concept may be critical for another. Thus the same 
StOs may be classified in different ways depending on the choice of 
critical attributes. The word ‘choice’ is used advisedly. Bruner, 
Goodnow, and Austin (1956, p. 7) argue that word categories are 
not discovered so much as invented. 
Science and common-sense inquiry alike do not discover 
the way in which events are grouped in the world; they invent 
ways of grouping. The test of the invention is the predictive 
benefits that result from the use of invented categories... 
Do such categories as tomatoes, lions, snobs, atoms, and 
mammalia exist? In so far as they have been invented and found 
applicable to instances of nature, they do. They exist as 


inventions, not as discoveries (Bruner, Goodnow, and Austin, 
HOO, De 7). 


The student of foreign languages has probably discovered that "... 
different languages parcel out the same reality in slightly different 
ways’ (Forgus, 1966, p. 311). Thus, for example, such words as 
"Zeitgeist', 'savoir-faire', or 'simpatico' lose some of their meaning 
in translation. Other languages have even greater differences. The 
Hopi language, for example, groups together under one label all flying 
things with the exception of birds, while the Eskimo language has 
three different names for snow (Manis, 1966, p. 87). Kluckhohn and 
Leighton (1946) found that the Navaho language employs object classes 
which make distinct grammatical categories for words which denote 
"long thin objects', 'round objects’, granular substances', etc. 

The natives of the Torres Straits, on the other hand "fail (to distine— 
uish between blue and green in their language. Brown (1956, p. 303- 


310), discussing this aspect of language and its categories, lists 


many more examples of "different ways of parcelling out the same 
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reality". However, all these classes or categories have one thing 
in common: they are used to refer to StOs possessing common charact- 
eristics or, in other words, StOs that are similar to each other. 
Bruner, Goodnow, and Austin (1956) state that "...there exists a near 
infinitude of ways of grouping events in terms of discriminable prop- 
erties..." (p. 7). Kendler (1964) goes so far as to imply that every- 
thing is similar to everything else. 


Although it is easy to specify the similarity between 
two stimulus patterns, it is extremely difficult to decide 
when two particular patterns fail to possess a feature in common. 
A coffee can and doughnut possess roundness. What in this 
world is completely different from either? A shoe? It is 
definitely not round but it does possess physical character- 
istics in common with the coffee can and doughnut. They all 
have weight and substance. They all are something. If one 
argues this way, then only nothing is uniquely different from 
something. But even here an objection might be raised by some 
philosophers that nothing is something, or at least the con- 
cept of nothing depends on the concept of something (p. 219). 


Without going to the philosophical extreme, it is nevertheless possible 


to appreciate the vast potential that similarity has for organization. 


Not every language will select exactly the same common attributes and 
relationships at exactly the same level of abstraction or detail to 
serve as the critical or defining characteristics and relationships 
for comparable concepts or labels. Nevertheless, the very fact that 
almost all linguistic categories use similarity for their construction 
heavily underscores the great importance of similarity as an organiza- 
tional tool whose applicability is limited only by the Ss' ingenuity 
in using newly perceived similarities so as to invent new categories 
and the Ss' facility in using old similarities within the framework 


of old groupings. Thus, the potential exists. Its utilization, how- 


ever, depends on the subjects. 
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Proposition IIT 


Organization of the material to be learned facilitates 
Vearming .(p. 57). 


In 1940 aeons stated that "...organization is a requirement 
for successful memorization" (p. 249); more recently Osgood (1953) 
affirmed: "There would be little disagreement with the statement 
that organization facilitates learning..." (p. 566); and in 1966 
Manis declared: 

-..-material that is well structured and tightly organized 

will generally be recalled far more successfully than that 
which does not possess a meaningful structure (p. 21). 

Evidence supporting this point of view is abundant and comes 
from many different types of learning experiments. For example, it 
has been shown that grammatically structured words or nonsense syll- 
ables are learned significantly faster than their scrambled counter- 
parts (Miller and Selfridge, 1950; Epstein, 1961; Marks and Miller, 
1964; Forster, 1966). The same holds true for letters, that is; the 
closer the letter groupings approximate English the greater the 
facilitation effect (McNulty, 1966). 

Another common form of organization built into the task by 
E is blocking; that is, grouping together similar or related words, 
nonsense syllables, or P-A pairs. This differs from the standard 
method of presentation in that the related terms are always presented 
in a contiguous sequence although, within the group, they may be 
randomized from trial to trial. The results of such studies indicate 
that blocking facilitates recall (Gagne, 1950; Rotberg and Woolman, 
1963; Dallett, 1964; Cofer and Bruce, 1966). 


Grouping as a means of facilitation, of course, is not a new 
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74 
idea. In 1940 Katona compared the recall of Ss who had learned str- 
ings of digits eihaloided into groups of three with that of Ss who 
had learned an unbroken string, and found that the former had superior 
recall (pp. 9-10; pp. 188-189). In 1956 Miller proposed his classi- 
cal 'chunking hypothesis' and, using binery digits, showed that by 
recoding a string of ones and zeros into octal notations, Ss could 
recall about thirty digits or bits as they are often ie > Accor- 
ding to Miller's hypothesis the human organism can recall 'seven plus 
or minus two' items or bits. However, if the bits are recoded into 
"chunks', of a few bits each and these in turn are recoded into bigger 
"chunks', then the organism can indeed recall a very large number of 
bits since the same 'magic number', 'seven plus or minus two', holds 
for 'chunks' as well as for bits. 

There are, of course, geo recoding techniques available 
ranging from simple grouping as in some of Katona's experiments to 
coding in terms of concepts. The former, however, is not as effective 
as the latter since there is nothing in the items to hold them togeth- 
er, at least nothing built in by the experimenter (Katona, 1940, 
pp. 188-189). When two items, such as the stimulus and response 
members of a P-A pair, for example, are related either by similarity 
Or compatibility, facilitation results; that is, the 5s learning the 


related pairs turn in a superior performance as compared to the Ss 


aike the binary notation the first seven digits convert as 
Potlows: 1 into 001, 2 into 010, 3 into O11, 4 into 1005.5 21nLO, LOL. 
Sernta 110, and 7 into 111. “Thus a string such as 101001111119011010 
could be broken into groups of three, thus 101 001 111 1LOC OLE 010. 
pid recoded as 5 1763 2. The latter is in base eight and thus is 
Balled “’octal'. 
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learning the unrelated lists (Umemoto, 1962; Baddeley, 1964; Homzie 
and Weimer, 1967). A theoretical explanation of this might be that 
the related words possess a greater potential for the formation of 
effective mediational links. General research on mediation has 
shown that the number of trials, the number of errors, or the time 
to criterion are reduced and retention is improved when mediational 
links are employed (Wallace, Turner, and Perkins, 1957; Spiker, 1960; 
Jensen and Rohwer, 1963a & b). Furthermore, the degree of facilita- 
tion varies directly with the sophistication of the mediational 
strategy employed (Martin, Boersma, and Cox, 1965). Thus, although 
meadration isi not in itself a form of organization it is, nevertheless, 
a very important determiner of the degree of facilitation that occurs 
as a result of organization. But, the degree of facilitation due to 
mediation or due to organization in general is, in turn, governed 
or determined by at least four factors. The first three are as. follows: 
Ooyethe nature: of the material, that as, its potential for organiza- 
Pongor, as Bruner would say, dts ‘codability'; (2) the Ss” ability 
to perceive any potential inherent in the material or built into it 
by the researcher for a specific experimental reason; and (3) the 
Ss' ability to use the perceived potential for mediation, coding or 
organization. 

That the nature of the material affects the degree of facili- 
tation in P-A learning was evident from the studies by Umemoto (1962)s, 
Baddeley (1964), and Homzie and Weimer (1967). The same is true for 
other learning tasks. For example, Frincke (1968) found that in free 
recall tasks, words high in imagery-concreteness were more readily 


organized or clustered into groups than abstract, low imagery words ; 
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76 
and Lieberman and Culpepper (1965) found Enat. Ss learning a list of 
objects did better than those learning a list of words for those ob- 
jects. 

Nevertheless, any amount of potential is useless if Ehesss 
do not perceive it or if they do, fail to use it. At times there 
are alternative ways of organizing the material not all of which 
are equally facilitative, and sometimes the Ss do not choose the 
most effective form of organization. In one experiment by Tulving 
(1962b), half the Ss were instructed after the third trial to asso- 
ciate the words with the alphabet and to recall them that way on 
the test trial; the other half of the Ss were told that they were 
in the standard group and to do their best. The results showed that 
the alphabetical group did better with respect to mean number of words 
correctly recalled and by the eleventh trial many Ss recalled all 
words alphabetically without error. Tulving concluded: 
The experimentally produced difference between the two 

groups clearly was not that between alphabetical organization 

and no organization, but rather between alphabetical organiza- 

tion and other, apparently less effective form of organization 

(p. 189). 
It is interesting to note that two out of about forty Ss in the stand- 
ard group used alphabetical order in their recall while the rest did 
not. Thus it is rather obvious that given an equal organizational 
potential in the material the degree of facilitation will depend on 
the Ss' ability to perceive this potential, select the most effective 
organizational technique, and then use it successfully. That some- 
thing like an ‘organizational ability' may actually exist was indi- 
cated in a study by Earhard (1967) who was able to separate the Ss 


° ! 
into 'high organizers’ and ‘poor organizers and to show that these 
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77 
two groups performed differently on a subjective organization task. 
Furthermore, a study by Jenkins and Russell (1952) showed that fe- 
male Ss organized the material into clusters to a greater extent 
than male Ss and that they also recalled more words on the free 
recall test. Some of these individual differences might even be 
magnified further by learning or training. For example, Senter and 
Hauser (1968) showed that Ss trained in the commercial 'hook' or 
"peg' system did significantly better than untrained Ss. The tech- 
nique eet Tes learning a set of verbal pegs and then the formation 
of 'bizarre images' so as to associate the test list with the previous- 
ly overlearned 'pegs'. All this suggests that different degrees 
of facilitation may be obtained depending on the group of Ss that 
the experimenter happens to select. 

The fourth determiner of the degree of facilitation is the 
Opportunity that Ss are given to organize the material. If, for ex- 
ample, the Ss are given only a limited opportunity to organize the 
material then the degree of facilitation cannot be expected to be the 
Same as when they are given extensive freedom to structure or arrange 
the material to their own pattern. Of the three most common learning 
tasks: P-A, serial, and free recall, the first gives the Ss the least 
amount of freedom. In a P-A task E determines which stimuli and res- 
ponses are to be grouped into pairs; and any overall patterns or 
regularities are broken up by the common practice of presenting the 
pairs in a different random order on every trial. Thus any attempts 
at organization are frustrated and the Ss are faced only with the 
task of inventing mediational links or of using the ones built into 


the material by the experimenter. Furthermore, the perception of any 
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78 
regularities or patterns of similarity are made difficult by the stan- 
dard technique of presenting the pairs at a very rapid rate and one-at- 
a-time. Thus, the Ss are not only prevented from scanning the material 
as a whole for any inherent similarities or patterns, but they are 
also given a very limited time in which to discover and use any organ- 
izational strategies. The serial learning task offers just as little 
in terms of freedom to organize; however, it does retain some stabi- 
lity in that the material is presented in a constant order on all 
trials and must be learned in that order. Nevertheless, it is E who 
determines that order and not the Ss. The free recall task, in com- 
parison, gives the Ss the most freedom, but even here the opportunity 
is limited by the same practice of using very short time intervals, 
randomizing the StOs after every trial, and presenting the material 
one StO at a time so that any existing patterns of regularity are not 
immediately apparent. However, the Ss do have the freedom to choose 
the order in which they recall the list on the trials and on the tests. 

Some variations on these methods of presentation have given 
the Ss more freedom to organize while others have expanded the range 
of cues that are made available to the Ss. The latter have shown 
that the Ss are quite capable of using a wide range of attributes and 
cues to facilitate learning. One such set of experiments presented 
the StOs in a spatial array rather than in one common Location.) \Ke= 
sults indicated that the presentation of nonsense syllables in a spa- 
tial pattern in front of the Ss, or that of real objects in specific 
locations on a table, facilitates learning (Asch, Hay, and Diamond, 
1960; Berlyne, 1966). However, it was discovered that different con- 


figurations tended to have different degrees of facilitation (Mellgren, 


1967). 
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In summary, then, it seems to be reasonably well established 
that (1) organization tends to facilitate learning; (2) different 
strategies or techniques result in different degrees of facilitation; 
(3) there are at least four interacting factors that govern this degr- 
ee of facilitation; and (4) the standard methods of presenting the 
Macerial to the $s such as the P-A, serial, and free recall techni- 
ques do not give the Ss-a-.sufficient opportunity to examine the 
material for possible organizational potential and then to use their 
ability so as to implement an organizational strategy. The lack of 
this opportunity and its effect on learning efficiency will be dis- 
cussed in detail in the next chapter where similarity will be ex- 


amined as one of the bases of organization. 
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Chapter 5 
A POSSIBLE RESOLUTION OF THE SIMILARITY PARADOX 


On the basis of the evidence presented under Propositions I, 
II, and III, and assuming that similarity is one phenomenon, it seems 
that similarity should facilitate learning. 

In Chapter 4 the first section, Proposition I, showed that 
subjects (Ss) do not primarily learn by rote but, given a learning 
task, attempt to classify, code, or in general to organize the material 
into classes, concepts, patterns, or structures so as to facilitate 
learning. The second section, Proposition II, showed that similarity 
has great potential for organization, and that Ss form the habit of 
using similarity as a basis of classification and organization from 
childhood when they learn concepts or the words of a given language, 
and further, that this habit is carried over to learning tasks in 
general, The third section, Proposition III, indicated that any type 
of structuring or organization generally facilitates learning. 
Consequently it is reasonable to contend that similarity as a major 
source of organizational potential should facilitate all learning. 
However, as the section on the effects of similarity on learning 
Showed, this is not always the case. 

There are many possible reasons for this, but the most 
important one is that, if Ss are to use similarity as an organizational 


tool, then they must have the opportunity to do so. This means that 
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81 
the Ss must have the time to examine all the material as a whole and 
mot one stimulus object (St0O) at a time. Furthermore, they must have 
the freedom to rearrange the material into a pattern or organizational 
scheme which is facilitative to their memory. 

Nevertheless, the most common experimental techniques do not 
provide sufficient time for organization or even for the formation of 
effective mediational links. For example: 

In paired-associate learning the 'standard' rate of present- 
eatton-is 2.2 sec., that is 2 sec. for the presentation of the 
stimulus and the anticipation of the response and 2 sec. for the 
presentation of the stimulus and response term together. If 
mediation of any degree of complexity is considered and is asserted 
POpnave a ceality in@the association processes of the’ 5, it is 
quite clear that a 2-sec. anticipation interval is simply in- 
SactVeient time stor A chain of associations to be ‘rim oft. “Yet, 
how many studies have increased the anticipation interval to allow 
for this? Very few, and yet...[some]...studies...conclude that if 
mediation doestoceur*it has little or no effect on the rate of 
learning. How can mediation be expected to influence learning when 
the situation is such as not to allow time for mediation to occur 
(Underwood, 1964, p. 76). 

Miller, Galanter, and Pribram (1960) describe a project carried out at 
the University of Pennsylvania by Wallace, Turner, and Perkins (1957) 
which showed that a person's capacity for the formation of associations 
is practically unlimited. The Ss were presented with pairs of English 
words and proceeded to form, at their own pace, visual images connecting 
the two words. Although the list of paired-associates was given only 
once, fantastic results were obtained. Up to 500 pairs, the Ss were 
remembering about ninety-nine percent; at 700 pairs this dropped to 
about finety-five percent. Initially the time that Ss took to form the 
associations was about twenty-five seconds, but as they became more 


experienced they could work with less than five seconds per pair. This, 


! 
however, is more than twice as long as the ‘standard’ two second 
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82 
interval during which a stimulus and response is available to the ss 
in a paired-associate (P~A) task. ‘Furthermore, in the project by 
Wallace et al. the Ss recorded their responses in writing which in 
many cases must have taken more than two seconds per item. However, 
extending the time interval in a P-A task may not be enough because 
the Ss would still have to work within a regular or equal time interval 
per item or pair, Thus they would still be under pressure to do and 
learn at a paced rate. This is very significant in view of the findings 
by Levitt and Goss (1961) which indicated that stress was facilitative 
with the low stimulus similarity lists and inhibitory with the high 
stimulus similarity lists (p. 248). If the latter effect is taken in 
conjunction with the relatively rapid pace of P-A learning, then it 
seems that the P-A technique unduly favours the learning of low 
stimulus similarity lists and places the Ss learning a high stimulus 
Similarity list at a distinct disadvantage. As a result the negative 
effects attributed to similarity could be magnified out of proportion. 

Although the above remarks are directed primarily at the P-A 
learning experiments the same conditions exist in serial and free 
recall techniques, since their presentation is also paced and uses 
equally short time intervals per item, thus Prine PERE Lye UCtLe 
for Ss to formulate and use any relatively effective organizational 
strategies, In addition to the inappropriate time factor all: three 
techniques usually present the St0s to the subjects one »tOsatastime, 
Thus the Ss do not have the opportunity to examine all the material 
Simultaneously for similarities, regularities, configurations, or 
patterns, etc. Consequently, even if these exist, the Ss may not be 


able to utilize them effectively assuming, of course, that they had 
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83 
been perceived in the first place. Furthermore, any attempts at 
organization are made even more difficult by the common practice of 
randomization, that is, randomly rearranging the St0s after every 
presentation or trial. However, when the Ss are given the opportunity 
to examine all the St0s or, in other words, when the presentation is 
simultaneous and not one-at-a-time, then facilitation should result. 
Moursund and Chape (1966) found this to be indeed the case. Even 
under conditions or randomization they found that the Ss presented with 
all the pairs in the P-A task did significantly better than those who 
saw the pairs only one-at-a-time. Nevertheless, one cannot make a 
sweeping generalization that the whole (W) method of presentation 
should be superior to a one-at-a-time method of presentation, since the 
degree of facilitation in the former depends on the degree of 
organizational potential in the material and/or they ssr ability to use 
that potential. In other words, if the organizational potential is 
Howe Or if the Ss are lacking in organizational ability, then there may, 
in fact, be very little advantage to a W-presentation. For example, 
Brown and Read (1966), using 12-pair lists of CVC's low in formal 
similarity and of 75 to 85% Archer-association value, found that there 
were no significant differences between the two methods of presentation. 
This is not at all surprising since a close examination of the P-A 
list used failed to produce even a hint of any effective organizational 
Scheme that the Ss might have used under conditions of W-presentation. 
Thus, one could not expect to find any facilitation due to organization, 


and therefore due to W-presentation. In fact, at times the W-me thod 


of presentation may even retard learning. If the Ss, for example, look- 


ing for means to organize the material, do not find any very StLeni ve 
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84 
strategies either because there are none to be found or because they 
lack in ability, then they have, in fact, 'wasted' some of their time 
to no purpose. In the meantime, the Ss in the one~at-a-time group, 
because of the method, have not been searching as actively and in this 
case uselessly for strategies. In other words, the one-at-a-time | 
method forces the Ss to learn the St0s as they come up, and any search 
for strategies has to be relegated to odd ‘if-and-when' moments. Of 
course some incidental learning will occur in the first group but 
possibly not enough. Thus, the effectiveness of the W-presentation 
method depends on the organizational potential of the material and/or 
aeros ability to use it. 

An examination of the P-A list used by Moursund and Chape (1966) 
showed distinct organizational potential. For example, two out of ten 
P-A's ended and started with the same letter (DAX-XAP); six out of ten 
pairs had an initial letter in the stimulus and in the response member 
that were not more than four letters apart in the alphabet; one pair was 
in direct alphabetical sequence (YAV-ZAJ) while another was in reverse 
order (WEQ-VUD); and two pairs were very similar in sound (XIF-CEF) and 
had the same last letter. On the other hand, the list used by Brown 
and Read (1966) had only two pairs out of twelve in alphabetical order 
(JIB-KOY) . The other pairs had initial stimulus and response letters 
at least three letters apart alphabetically and some were as far as 
sixteen letters apart (FET-WUN) . Furthermore, half the pairs were in 
reverse alphabetical order (REM-BIF). Consequently, there would be little 
advantage to the W-method. However, in the former case a method which 
permits scanning, detailed examination, and quick double-checking with- 


out having to wait for the next trial does have distinct advantages. 
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85 
In the Moursund and Chape list the Ss could have used a number of 
organizational, or in this case mediational, rules (e.g. ‘stimulus and 
response sound similar' or ‘last letter of stimulus and first letter 
of response is the same’). Furthermore, each rule had in most cases 
two or more exemplars, thus spotting and clearly differentiating the two 


exemplars and then grouping them under the same rule would clearly be 


easier under a W-presentation than under a one-at-a-time presentation. 
iietue latter type of presentation the Ss might not be able to spot: all 
possible grouping rules at once; but even if they did, they would still 
have to wait for the next trial before they could confirm their observa- 
fions. It is not likely that any S after one presentation by the one- 
at-a-time method could have the four rules and their exemplars clearly 
in mind. On the other hand, a S in a W-presentation group could easily 
check and double-check the groupings and exemplars just by flicking his 
Byes) back and forth over the list; that is, the 5S does not have to wait 
for the next trial to confirm any tentative or vague grouping ideas. 

In free recall learning the material is usually of a meaningful 
nature and thus should have a relatively high organizational potential. 
Puff and Bousfield (1967), comparing the degree of organization, found 
that simultaneous or "...array presentation resulted in appreciably more 
(an average of three times as much) intertrial Oreani zat on. soe ncnee ee 
Tieview of the fact that “...there is a positive correlation between 
organization and performance" (Tulving, 1962a, p. 354), one can infer 
that W-presentation should also facilitate free recall learning. 
However, at present, the author is not aware of any studies that have 


examined this particular aspect of free recall learning. 


As far as serial learning is concerned, a thesis by Keenan (1967), 
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86 
comparing the effectiveness of six methods of presentation, found that 
the W-method resulted in significantly superior learning. The material 
used was a set of 'common three-letter words' and so should have a 
reasonable degree of organizational potential. Consequently the results 
are not at all unexpected. However, what is surprising is that so 
little has been done with the W-method of presentation particularly 
since it 

...most closely approximates types of learning situations met 

by the student in actual school experience, and thus the 

explication of any differences in learning emerging as a result of 

this presentation method might be useful in attempting to 

generalize present ... findings to the school setting (Moursund 

and Chape, 1966, p. 167). 
A similar sentiment had been voiced by Postman and Egan as early as 1949, 
but it did not seem to have had much impact on the type of research that 
was subsequently conducted. 

Continuing with the original line of reasoning that organiza- 
tional potential plus opprotunity to organize leads to a degree of facili~- 
tation, it would seem reasonable to conclude that a constant order of pre- 
sentation should lead to better results than one in which the material is 
randomized after every trial. Again, however, one cannot make such a 
sweeping generalization because the effectiveness of a constant order of 
presentation depends not only on a reasonably high degree of similarity 
or organizational potential in general, plus the Ss" ability, but also 
on the specific order chosen for a specific list. That is, assuming both 
a high degree of organizational potential and able Ss, a given constant 
order may not lead to any better results than regular randomization after 
every trial if the chosen order happens to be inappropriate to the 


Potential inherent in the material. Earhard (1967) found that not only 
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could Ss be grouped into ‘high organizers' and 'poor organizers’ but 
that list sequences could be made in a 'preferred order' and in a 'non- 
preferred order’, and that "...the preferred order of presentation 
resulted in superior performance for both types or organizers although 
HSO {high subjective organization] learners achieved superior perform- 
ance to LSO [low subjective organization] learners within each order-of- 
presentation category" (p. 504). Earhard (1967) based her experiment on 
the indications found by Tulving (1962a) that under conditions of free 
recall the order in which Ss choose to recall lists of unrelated words 
do not seem to be entirely idiosyncratic and that there seems to be some 
commonality among Ss as to the order in which they recall the seemingly 
unrelated words. The preferred order list was, therefore, constructed 
from sequences of pairs of words most frequently found in the recall 
records of the sixteenth trial of Tulving's 1962 experiment, and the 
non-preferred order list was constructed from a sequence of pairs of 
words never found in succession in these recall records. Thus, 

... whatever the basis for the final structure imposed by the 
previous learners ~ whether they had clustered on the basis of 
mediating responses, interitem associations, similarity in sound, 
familiarity, grammatical linkage, imagery ~- the structure or 
sequence of recall those learners had developed facilitated 
memorization, not only when explicit instructions to adopt the 


order of presentation were given, but also when Ss were free to 
adopt any sequential organization they chose .... 


The results indicated fairly consistently that it was easier 
to remember words which were presented in an order of recall 
preferred by previous learners (Earhard, 1962, p. DOS) 
The need to consider 'preferred order’ and potential for 
organization as variables becomes even more apparent when the results of 
P-A experiments comparing a constant order and a changing order of 


presentation as well as poorotunity to organize (time variable) are 


considered as controlling factors then the results become less inconsist- 
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ent. At times, however, it is difficult to pinpoint the exact cause of 
some results since the authors very often give only a description of the 
St0s used to make up the list and, at other times, although the lists 
are quoted in full, the exact constant order used is not specified. 

All six experiments to be desdribed used P-A pairs consisting of 
a nonsense syllable (trigram) stimulus and a meaningful word response. 
Te method of presentation was either the 'recall-5' (r-5) or the 
"recall-1-2-...-N' (r-1l-...N). The first entailed five presentations 
followed by a test trial, the second, as indicated by the numbers had a 
test trial after every presentation for N trials. Some of the experi- 
ments also used a variation of the recall-5 method by adding on more 
presentations and tests; thus there are some experiments that presented 
Pie™material to the Ss eight times before having a test trial (r-8), 
while others followed the test trial with further presentations and 
tests (e.g. r-5-10, or r-5-10-15). The general findings were that the 
constant order was either superior to the random order (Samuels and 
Jeffrey, 1968; Newman, 1966; Newman and Saltz, 1962; McGeoch and McKinney, 
1937), or that there were no significant differences between the two 
methods of presentation as far as the mean number of correct responses 
was concerned (Martin and Saltz, 1963; Carluccio and Crowder, 1966). 
However, in comparing the list used by Samuels and Jeffrey (1968) with 
those used by Martin and Saltz (1963) it becomes evident that the 
former had stimulus terms high in formal similarity while the latter had 


Stimulus terms low in formal similarity. The response terms in both 


cases were the Furshl Therefore it is evident that under conditions of 


1. is certain that identical response terms were used by Samuels 


and Jeffrey (1968), Newman (1966), Newman and Saltz (1962) and Martin and 
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one-at-a-time presentation, maintaining a constant order of items in 
the list from trial to trial seems to provide at least some opportunity 
for organization that is not provided when the items are randomized 
after every trial, and that this opportunity can only lead to 
facilitation if there is some similarity or organizational potential 
built into the list. Newman and Saltz (1962) did not quote the list 
that was used but from the description it is obvious that it had 
Stimulus terms high in formal similarity. The results of an r-5 present- 
ation showed facilitation under constant order. A replication of this 
study by Newman (1966) using the r-5-10-15 sequence did not confirm 
Significant effects on the first test trial following the fifth present- 
ation, and it was only on r-10 and r-15 that positive effects due to a 
constant order became large enough for significance, Since Newman did 
meeecquote, the list one can, only speculate that either the Ss were less 
able organizers or if a different constant order was used that it was 
not as 'preferred' as the previous one, 

However, the general implication seems to be that the constant 
Order is superior to the changing order of presentation only if there 
is some organizational potential built into the material, Nevertheless, 
a study by Carluccio and Crowder (1966) does not seem to support this 
conclusion. They examined the order variable under two conditions of 
formal stimulus similarity and found that although low formal stimulus 
similarity resulted in superior performance, the effects due to order 


_ 


Saltz (1963). Furthermore from the description given by Carluccio 

and Crowder (1966) it is very likely that they also used the same set 
of response terms. Consequently, any variations in the results can 

be mostly attributed to variations in stimulus terms, and to variations 


in technique if any. 
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were not statistically significant. In other words, a constant order 
did not yield better results under conditions of seemingly high 
organizational potential (high formal stimulus similarity). One 
reason, of course, might be that the constant order selected did not 
happen to be the 'preferred’ order. A second reason, and perhaps the 
obvious one might be the relatively fast test rate of two seconds per 
item used by the experimenters as compared to a rate of ten seconds 
per item used by all the researchers who obtained significant effects, 
particularly since test rate had been shown to be a significant variable 
(Newman, 1966). In view of the previously cited findings by Wallace, 
Turner, and Perkins (1957) that an appreciable time interval is 
required for the formation of effective mediational links, it seems 
quite probable that the lack of a significant order effect in the 
Carluccio and Crowder (1966) study may be attributed to the very short 
time interval used by the researchers. Thus the evidence seems to 
indicate that order is not a significant variable with lists low in 
organizational potential (Martin and Saltz, 1963; Carluccio and Crowder, 
1966), but is significant with lists high in organizational potential 
(Samuels and Jeffrey, 1968; Newman, 1966; Newman and Saltz, 1962; 
McGeoch and McKinney, 1937) unless the rapid rate of presentation 
makes it impossible for the Ss to use any effective organizational 
Strategies, thereby turning the organizational potential of the material 
into an irrelevant factor. 

All the P-A studies cited above used a nonsense stimulus term 
and a meaningful response term. When both members of the pair are 


i , : be rather 
meaningful words one can expect that the order effect would 


large. This is indeed the case. For example, a study by McGeoch and 
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and Underwood (1943) using a four seconds per item presentation rate 
found that the Ss in the random condition required one and two thirds 
times as many trials to reach the criterion of two perfect recalls as 
the Ss in the constant order condition. Furthermore, the superiority 
of the latter was apparent after the fourth trial. The four second 
interval may not seem to be very long; nevertheless, it is twice that 
used by Carluccio and Crowder (1966) and it was used with meaningful 
material which is perceived and apprehended much more readily than 
nonsense material (Miller, Bruner, and Postman, 1954). Consequently 
the results are not surprising. If nonsense syllables are used for 
both members of the pair then one may expect that a longer time inter- 
val would be needed in order to obtain significant order effects. 
Rubin and Brown (1967), using the mean total errors as a measure of 
learning and a five second time interval in the r-l-...-N presentation 
pattern, found that order was indeed a very significant variable. 
Furthermore, the study showed that random presentation of pairs as 
compared to constant presentation unduly favoured the low formal 
similarity lists (low stimulus similarity-low response similarity pairs). 
The high stimulus similarity-high response similarity list had an 
increase of 113.9% in the number of errors when the order was random 
rather than constant. On the other hand, the low-low lists had 5.62% 


FEWER errors when the order was random instead of constant. Furthermore, 


the spread in errors increased anywhere from 5.5 to o Told for 


*Tt is quite possible that different measures of learning as 


well as different presentation techniques (e.g. r-l-,..-N versus rahe 
are not equally sensitive to the order variable. Consequently, the 
exact relationship between time interval and significant effect may 


depend on more than the nature of the material. 
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92 
variations in stimulus similarity and only twofold for variations in 
response similarity when the order of presentation was random rather 
than constant. Thus, from this study it is evident that stimulus 
similarity lists seem to be affected much more by the order variable 
than response similarity lists, and that any high formal similarity 
list is affected much more by randomization than any low formal 
similarity list. 

Summarizing all the above findings it seems that very often 
the Ss do not have an adequate opportunity to use similarity as a 
basis of organization because of the one-at-a-time method of present- 
ation, the relatively short time Lee used, and the very common 
practice of randomizing the StOs after every trial. Also as a result 
of these techniques the Ss are placed under stress which seems to 
facilitate the learning of low formal similarity lists and to retard 
Pyeutearning of high formal similarity lists... Therefore, the effect 
that similarity has on learning depends on three factors: the extent 
to which Ss are given the opportunity to use similarity for organiza- 
tion, their ability to perceive this potential, and their facility in 
using it once it is perceived. However, since the opportunity to use 
similarity depends on the learning conditions and since these vary 
from experiment to experiment within such broad techniques as P-A, 
serial, and free recall, conflicting findings are to be expected 
within each broad class of learning techniques. In other words, some 
of the contradictory results described in the section onthe effects 


of similarity on learning may be explained in terms of an interaction 


between two variables; namely, similarity and the learning conditions. 


However, this will not by any means explain all the contradictory 
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findings. There are a number of other very important considerations 
that have to be clarified. 

A quick examination of the previous section on the effects 
of similarity on learning will show that whereas meaningful similarity 
generally does not hinder learning, and in many cases seems to 
facilitate it, formal similarity generally hinders learning. The 
different effects of similarity on learning might, of course, be 
attributed to the factors summarized above; however, even under the 
most favourable conditions it is quite probable that high formal 
similarity would not result in a better performance. The reason for 


this is that high formal similarity does not guarantee high organiz-— 


ational potential, and it is the latter which leads to facilitation 
under conditions of opportunity. 

ft is quite possible ‘to-eenstruct two lists equal. in formal 
Similarity but having different degrees of organizational potential. 
For example, the two lists in Figure 1 are constructed in accordance 
with the description given by Carluccio and Crowder (1966); however, 
as a close examination will show, List 1 has a greater organizational 


potential than List 2. Both lists are composed of "... CVC nonsense 


syllables containing only the letters X, V, F, Z, U, and Y Pets sat 


Fanging in " Glaze association values ... from 0% to 20% (Under- 


wood and Schulz, 1960)..." (Carluccio and Crowder, 1966, p. 615). 
List 1 contains six CVC's which are all the possible combinations 


of V with X, Z, and F using the two letters U and Y as vowels; and 


four inverseés to make a total of ten syllables. List 2, on the other 


hand, is seen to use only two of the possible three combinations in 


each case (VYX, VYZ, but not VYF), one inverse of a CVC that is in the 
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VYX (and its reverse) XYV 
| 


VYZ_ : ZYV 
VYF ” FYV 
VUX XUV 
VUZ 
VUF 


Lacioe2 


VYX (and its reverse) XYV 
VY = 
Ee FYV 


Ee XUV 


VUZ | - 
VUF - 


ZUX 


Figure 1. Lists equal in formal similarity but 
| differing in organizational potential. 
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mist, CWO ,inverses of, CVC's that are not in the list, and three 
combinations that do not fit the two ‘generating rules'. The six 

"Vy" trigrams of List 1 make up what is called an exhaustive category. 
Cohen (1963) showed that recall is significantly better for exhaustive 
category StOs than for non-exhaustive category items. Although Cohen 
used meaningful words and exhaustive categories such as north, south, 
east, and west, it is quite possible that a similar effect may manifest 
itself with CVC's, particularly since a study by Segal and Halwes 
(1965) showed that Ss are quite capable of discovering and using the 
generating rules by means of which the experimenters constructed the 
nonsense syllables in the first place. 

Another way of describing the difference between the two lists 
would be to say that List 2 has a greater degree of chaos or randomness, 
while List 1 is much more orderly because it is constructed according 
to certain rules which create sequential constraints among the letters 
of the trigrams. A study by Miller (1958) examined the free recall 
learning of letter strings which were generated either randomly or by 
rules producing sequential constraints and found that the latter 
resulted in significantly superior performance. Garner (1962) cites 
many other studies which support Miller's findings. 

Another difference between the lists is that List 1 requires 
less learning than List 2. For example, the Ss learning the first Vist 
can recode the material into a number of generating rules such as 
follows: 

(1) Form all combinations of VY with X, Z, and F 

(2) Take all the mirror images of the above. 


(3) Form all combinations of VU with X, 2, and F. 
(4) Take only the X inverse from the last set. 
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Alternately, the Ss may use a more mathematical approach: 
(1) Form all combinations such that: 
(a) the first letter is V, 
(b)f the ysecond letter is Yor U, 
(e)ythe third Letter is X, Zor F. 

(2) Form all the inverses of the VY combination. 

(3) Form only the X inverse in the VU combination. 

However, when it comes to List 2 there is very little recoding possible 
in terms of generating rules. Thus, while List 1 can be mastered by 
Peining three or four general rules, List 2:can only be mastered by 
learning approximately ten separate CVC's which are composed of common 
elements that are combined in what is effectively a random way. 

Another way of characterizing the difference between the lists 
is to consider organization in terms of similarity based grouping. 
Thus the items in List 1 may be grouped into three sets: the VY items 
and their mirror-images, the VU items, and the single XUV trigram. 

The items in List 2, however, cannot be grouped into a 'few neat groups’ 
or 'chunks' but require much more complex attempts at organization. 
Furthermore, whereas the groups in List 1 were mutually exclusive, the 
groups that are possible for List 2 would be overlapping, that is, an 
item could belong to more than one group. 

Taking all these factors into account it is not likely that 
anyone would disagree with the statement that List 1 would be the 
easiest one to learn. However, the exact degree of superiority in 
performance would depend to a large extent on the sequential ordering 


of the trigrams in the list. If, for example, the items of List 1 


were presented in an order which masked the generating rules or the 
possible groupings, then the learning of the list would be slowed down 


Also, it now becomes rather obvious why one-at~a-time presentation, 
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short time intervals per item, and constant randomization have such 
retarding effects on the learning of lists that are high in organ- 
izational potential (and high in formal similarity). Under such 
unfavourable conditions the perception of the potential is slowed 
down. In time, of course, some of the Ss will perceive the generating 
rules or the possible groupings in spite of these methodological 
obstructions; however, other Ss will never perceive them. Thus, 
facilitation due to organizational potential may occur, may be delayed, 
or at times may be completely eliminated. The learning of type 2 
lists is also retarded by the same presentation techniques since the 
Ss do not have adequate time for proper discrimination; however, the 
variability is much less with lists of this type. Consequently, lists 
differing in organizational potential under the same learning condi- 
tions can lead to different results even if they are equated on formal 
Similarity. 

This difference in performance has been shown to exist in 
free recall studies where 'form of structure’ was varied while formal 
similarity was held constant. It was found that formal similarity 
hindered free recall only with items that had poor form of structure 
(Garner and Whitman, 1965; Whitman, 1966; Koeppel, 1967 and 1968). 


Thus two lists of equally high formal similarity were learned at 


different rates depending on the goodness of form. This is something 


which had never before been taken into account. 

The idea of form of structure originated with Garner (1962) 
and was later developed by his associates. Essentially the form of 
structure is considered to be good if there is a definite relationship 


between the elements in different positions; or in other words, if 
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"... a high correlation exists between specified letter positions" 


(Koeppel, 1968). A thesis by Koeppel (1967) illustrates the differ- 
ence between: good and poor form. If the numbers 1, 2, and 3° aresused 
to make up trigrams, then Set 1 in Figure 2 has good form of structure 
and Set 2 has poor form. Good form in this case is obtained by 

having a 1 in the first position always followed by a 1 in the second 
position. Poor form is achieved by following the 1 in the first 
Meeeeton e€ither by al, 2, or 3. In other words the correlation 
between letter positions in the case of poor form is low. In trigrams, 
of course, letters are not duplicated within a given nonsense syllable, 
but the same sort of sequential constraints are possible. 

Comparable results were obtained in P-A studies where rela- 
tively restrictive learning conditions operate. In one study Runquist 
(1968a) found that by varying the 'heterogeneity' and 'variability' 
properties of lists which were equal in formal stimulus similarity, 
different performances could be obtained. 'Variability' refers to the 
different degrees of pair-wise similarity that are possible when every 
stimulus item in the list is compared to every other stimulus item. 
Thus, in some lists all the items may virtually be equally similar to 
each other (low variability); in other lists, some of the items may be 
very similar while others are dissimilar (high variability). "Hetero- 
geneity', on the other hand, refers to the number of different rules 
describing the locus of similarity. Runquist (1968b) identified 23 
mieierules for CCC's and 11 for CVC's. Each rule describes the number 
of common letters in a pair and its position. Table 1 lists these 


rules for CVC's. Although the rules differentiate between the number 


: ! 
of common elements in a pair, the property of 'heterogeneity' refers 


Nennts jess: aee2si iv cD aad Bea a notorlval 4 
cS oye = tat CED Pogo ey 
ist Fate ( wanda old Se care: sey hee wee 

in od (ou, abe S ergy + Gite pea 

7. Tovruy tas ay © ip Ce ee Ted =}, ret Aone . ire? 

! i 
i bowoltot wane oniG hie geek? eae 7 
wet wes ote i ‘iavelyiea ab eged << 
bg Be f ae or we - ay Ss «a 
: 
wy oe ’ ey} j 7 wr ' “> nf inoh) Spe 
tae? Le S oeety = ot ly bebe, Jade 
+y 
T vt doivQuupee to Pee 
: 5 
. LU ‘5 poew eylvess eda 


ews re , if Vulys pedetrays oe Dg 


= hgst 
"v4 Pefal by Y . dl iM -eplevey od sa i 
+9 
1 ine neiip 9 vii ‘7 , mAlaeee ay p'4 fe Lyn weit tn 
m4 PAs »") ? j ee. o> : he 8 4=70)% 


Creed pet Leen ey fT! WR Age TD eee a Br Mie tie Py 
hy 

mal) scthubls HP | lito Gl yeas ae wh 

os Maellate oft i ’ itt Te meds ay: ) ia tagged 
' 7 ~ 

od ‘yer eatith if! Pune ind t. vale, OF SVE Aer wil) a8 

‘oe 

ww : —pasgat' dye ttivoiary wid) ‘ritirning mth eenleo shite 
: 7 7 | ‘ . may - 
eslin oH rari be L earieaty iY A reule? baw or) a 


a Wig 
CR Det ranehs (hal) -santannyin wa lduhimee ee 


; - 
Pi hs eee SN2) @RIl sah Ofie:. 4 ‘sive a0T£itige. 8 
: A, 4 
speeds ect | wii Lieu Bis ‘bit alin tk 


Ot? usvt@i osefing «153 @pdiet ula es 


- 


> - » i iA Time y| ~ eh 5 : > i 
PIL taved: .w) VOaeeg. one) § am oy 


™) > en 
7 — a 


Set 1 
heheh: 7d Ne 
1G bea D2e. 
Eis 223 

Ser 7 
EDEAE 24:3 
123 222 
132 234 


Figure 2. Lists Illustrating Good (1) 


Bieidl 


332 


333 


BAZ 


321 


533 


and Poor (2) Form. 


29 


= 


eS Leet Cia "bed on laprduulbr ae 


Group 


2D 


2E 


TABLE 1 


RULES FOR LETTER-POSITION IDENTITY 
IN CVC PAIRS®@ 


Rule 


No repeated letters 

Miteie letter repeated 

Vowel repeated 

Third letter repeated 

First letter in third position 
First two letters repeated 
Second two letters repeated 
First and third letters repeated 


First letter in third position. 
Vowel identical 


First and third letters reversed. 
Vowel different 


Spelled backwards 


Example 


XUQ-PIJ 
XUQ-XAH 
XUQ-TUV 
XUQ-YEQ 
XUQ-YOX 
XUQ-XUL 
XUQ-WUQ 


XUQ-X0Q 


XUQ-VUX 


XUQ-QOX 


XUQ-QUX 


“Taken from Runquist and Joinson, 1968, p.31/7. 
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only to the number of different rules occuring in a list. 

fhe~study indicated’ that a list high in variability and low in 
heterogeneity (that is, homogeneous) produced performance which was 
superior to that on the low similarity list; however, the difference 
was not statistically significant. Consequently, even under the 
restrictive P-A learning conditions formal similarity lists may be so 
constructed as to yield performance which, although not better than 
that of the low similarity lists, is not significantly different from 
it. Runquist (1968a) concluded that 

...the relationship between formal intralist stimulus 

similarity and performance cannot be characterized in terms 

of a simple function. Considerable modulation of performance 

has been obtained among sets of stimuli in which overall 

[formal] similarity was virtually the same (p. 640). 
pamilareresubts*were obtained with CCC's where lists with 18, 13, and 
8 different letters did not yield significant differences in perform- 
ance while manipulation of the number of rules (heterogeneity) 
produced significantly different performances on lists with an equal 
number of common letters. in general, therefore, in P-A tasks the 
indication is that "...letter identity per se is not a very important 
Variable with CCC stimuli" (Runquist; 1970a, p. 158). 

In all P-A tasks there is one additional factor peculiar to 
that learning task which may affect performance differentially. The 
Ss learning the low stimulus similarity lists have one very important 
advantage: all that they have to do is to associate the first letter 


of the stimulus with the response. They do not have to learn the 


other two letters because in a low formal stimulus similarity list all 


the first letters of the nonsense syllables are usually different. 


However, the Ss learning lists with stimulus terms high in formal 
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similarity cannot do so since many letters are repeated. Consequently, 
they have to learn either two letters per stimulus or at times all 
three letters. This added amount of learning, although minimal, will 
nevertheless slow them down. That stimulus selection does occur has 
been documented under Proposition I (p. 57). Nevertheless, one quali- 
fication is necessary. Runquist (1968a) found that stimulus terms 
which had identical vowels and last letters did not lead to a superior 
or even equal performance on a P-A task as compared to a low stimulus 
Similarity list. This seems to suggest that Ss pay less attention to 
the actual letter structure than may be expected and that the stimuli 
are coded as pronounceable units rather than as a collection of letters 
(Runquist, 1968a, 1970b). Nevertheless, it cannot be assumed that all 
the Ss pronounce all or even a large percentage of the St0s. however, 
the pronounceability of the items in the list is another sachacke which 
may lead to Harhovene results with seemingly comparable lists or 
stimuli. 

In brief summary, it is possible, therefore to construct lists 
equal in formal similarity but differing with respect to such vari- 
ables as form, heterogeneity, and variability, and thereby to obtain 
different performances. As the illustration in Figure 1 (p. 94) 
showed, 'one' list description can result in two very different lists 
which would lead to different results under the same learning condi- 
tions. 

Thus, it is not at all surprising that studies using formal 
Similarity as the only variable produce contradictory results within 


each of the three common learning techniques. An examination of the 


lists used in verbal learning studies showed that many of them were 
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dike List 2, Figure 1, p. 94, some were like List 1, while others were 
somewhere in between these two examples or beyond them at one of the 
extremes. For example, a list such as ZGJ, GQJ, JFQ, QFZ, FQJ 
(Underwood, 1966, p. 476) is very high in formal similarity, much more 
so than List 2. However, since the specific relationships between the 
letters and among the St0s of a list have not been regarded as rele- 
vant until very recently, many of the researchers did not quote the 
exact lists but rather gave short enumerations of the letters used. 
Consequently, in such cases, it is impossible to determine if the nega- 
tive effects on learning occur because of a lack of opportunity to use 
an existing organizational potential, that is, the confounding of method- 
ological factors with organizational potential, or because the lists 
were randomly generated so that there was no organizational potential 
available in the first place. 

The joint effect of the three variables of formal similarity, 
organizational potential, and learning conditions is summarized in 
Table 2. The entries in the six cells indicate the possible perform- 
ance under conditions of interaction between two levels of formal 
similarity (£$), two levels or organizational potential (OP), and two 
levels of learning conditions: 'fayourable' and ‘unfavourable’. By 
favourable conditions' it is meant, presentation of all Studs at once, 
adequate time for examination of the list, and the maintenance of a 
constant ordering of the items from trial to trial. On the other hand, 
by ‘unfavourable conditions’ it is meant, one-at-a-time presentation 


of St0s, very short time intervals per item, and randomization of the 


sequence of StOs after every trial. Between these two extremes there 
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TABLE 2 


THE JOINT EFFECT OF FORMAL SIMILARITY (£S), 
ORGANIZATIONAL POTENTIAL (OP), AND LEARNING 
CONDITIONS ON PERFORMANCE 


High Formal Similarity Low f£S 
High OP Low OP 
Favourable 
Presentation Very Good Poor Fair -— Good 
Conditions 
Unfavourable 
Presentation Fair Very Poor Fair -- Good 


Conditions 
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the length of the time interval either per item or Penelist we lso 
there are different degrees of OP as well as different degrees of 
formal similarity that can be built into the lists. Thus the table 
shows only the possible performance for six possible combinations out 
of an almost unlimited number of interactions. Is there little 

wonder, therefore, that comparisons between performance of high formal 
similarity (HfS) lists and low formal similarity (Lf£S) lists did not 
yield consistent results? For example, if OP happened to be high (HOP) 
and the presentation conditions were very favourable (perhaps as a 
result of a longer time interval and/or a constant order of present- 
ation) then it would be possible to get results which indicated that 
HfS facilitated learning. However, if the list was low in OP (LOP) and 
the conditions were extremely unfavourable (which is true in most of 
the studies) then it would be possible to get results which showed that 
HfS markedly retarded learning. And, under conditions of HOP and some- 
what unfavourable presentation conditions, it would be quite possible 
to get results which showed that HfS was neither facilitative nor re- 
tarding in its effect on learning. All of these results have been 
reported in the literature at one time or another (see pp. 24-32). 

The only solution seems to be the incorporation of OP as 
P@eeieeevarieble which has to be considered whenever forma’ sii 
is studied. However, this is not an adequate solution because it 
would still leave unsolved the 'meaningful-formal' similarity contra- 
diction. Similarity is one phenomenon whether formal or meaningful, 
and therefore it should affect learning in the same way under compar- 
able conditions. Nevertheless, even under the most favourable present- 


ation conditions it is highly unlikely that HfS would lead to 
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facilitation as long as OP was low. Consequently, this would still 
contradict the findings that high meaningful Similarity generally 
facilitates Peetytnss Thus, taking OP into account still does not 
solve the problem of two different effects of similarity on learning; 
and using meaningful similarity, formal similarity and OP as three 
distinct variables is not scientifically parsimonious nor is it con 
sistent with the idea of one similarity phenomenon. 

Since the contradictory effects can be narrowed down to the 
different roles played by high formal-LOP-similarity and meaningful 
Similarity, an examination of these two types of similarity is in 
order. One very basic difference becomes immediately apparent; where- 
as meaningful similarity can be used for grouping like St0Os together, 
formal-LOP-similarity cannot be used for this pape In fact, the 
only time that formal similarity can be used to group or classify like 
St0s is when it has a HIGH degree of OP. On the other hand, meaningful 
Similarity does not have this problem since it always has OP, and thus 
can always be used to group St0s into classes or sub-classes. It be- 
comes apparent, therefore, that OP is a property of meaningful similar- 
ity. Consequently, the only possible conclusion consistent with the 


one-phenomenon idea is that since high formal-LOP-similarity does not 


Any non-facilitative effects of meaningful similarity on 
learning may be, with a high degree of certainty, attributed to un- 
favourable presentation conditions. 


More precisely, the difference is that meaningful similarity 
can be used to form a few classes composed of many items; formal~IOP- 
Similarity can only be used to form very many classes composed of very 
few items and very often there is only one item in the class, icy ; 
Most two. Thus grouping does not provide much saving as far as learn 


ing is concerned. 
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possess this property it is NOT similarity at all (or more precisely, 
the similarity is so low as to be negligible). This somewhat startling 
conclusion becomes very obvious if St0s other than nonsense syllables 
are considered. For example, if the following letter matrices (two 
dimensional nonsense syllables) are examined, it will be seen that 
while matrix 1 and 2 are very similar, matrix 3 is very different from 


paehnen matrix 1 or 2. 


ABABA BABAB DiCsNeGeA 
Bee Ds CeB Aa ear A EB DoASA=B 
ADL e De BECaucCEe AeDER soak 
Byc.p*ClB Ree CeD A CD A. AcE 
ABABA BABAB BB AGBuC 
i) (2) (3) 


Matrix 1 and matrix 2 both have a regular relationship among the 
letters; matrix 3, however, was constructed by using a table of random 
numbers and thus there is no meaningful relationship among the letters. 
Matrix 1 and 2 are similar because they stand in a very definite and 
regular relationship to each other. This relationship is missing 
between matrix 3 and the other two matrices. However, matrix 1 and 2 
have more than just a sequential relationship among the letters. 

Matrix 1 and 2 also have a specific relationship between the letters 
and the matrix coordinates. Thus A's and B's occur only in the border 
positions, while E occurs only in the central position. The letters C 


and D form only the inner framework. Had these letters possessed only 


Sequential relationships then the matrix might have looked as follows: 


Matrix 4 has exactly the same sequential constraints as matrix hs 


ha = 
4] Q7enn8) Ln gk Seale ae ae 

gu iisdge faumetae whe roldke me -é. <2 Oh ‘tal. on ah 

aretuy pire Seat oF ini PP ane yo ey 

: owi} /cootitan isso! aaleohiot ene iM, ohana 77. 
Bite) bse; i ob Mebesuerty, ame wohdakint eo BM 


ee vray gin f fee ia 


} i i / 
j Py A y 4 f 
> 
ror, ea ey at Axi S paves De ‘ 
ffyis iG ] mT level i I awe OF 20 catgut El) ee . 
= - r 7 Ba 
i] ) b . ; 
"TALOeam ety &t wvoits olnta 
i 


= \ = 


“ a j 
¢tah eid © WP Toa ghee cencoed taltete .ovece ae 


y ae a " = 
ete a, [yen tee oo ef 


ah | 


) . pot wey fe yop ae redo one hie & 


wr ; Ae One LE ie Drosepen s teul 
ad a! eat Ki ay i f Bins oe DE ae e eves oan ip 


wo ~~ i) z v 


> 2o0108. ba2. tb, Yip Ss a tal a) a bank reas er 


a ar ; | f nga 
a S70 i9et €ee <iBd dey , aut ol a awiyoo » olka w, 


: 7 if A 
% a Pine LAbiwicarng aia yl jeer tc? 7. | alt 4 ard ia v tO. 2 
- ‘ ay te : ere 
_ ewe t41 pu Olsen? avid tipi el Che atl) sees eq sae 
Ge) . eee) 


& @&A OS 
- 1omas : 
ia ASD 
, eee ee 
(ADD . a 


a (Oe 
iain on wtdbrasth a i | dence wml abt 
7 


108 
is A is followed only by B or D; B is followed onl yey MAsor *C2"C Mis 
followed only by B or D; D is followed only by A, C, or E; and E is 
followed only by D. A comparison of the degree of similarity between 
matrix 1 and 2, and between matrix 1 and 4 will show that whereas the 
Similarity between matrix 1 and 2 is very high, that between 1 and 4 
as not high at all. The reason for this difference, of course, is 
that matrix 1 and 4 share only common sequential constraints; while 
matrix 1 and 2, on the other hand, share not only almost identical 
sequential constraints, but also the same relationship between the 
Betters and the coordinates of the matrix. Thus for a high degree of 
similarity to exist between two matrices there must be a sequential 
relationship between one letter and the next (sequential constraint), 
AND a relationship between a given letter and its spatial coordinates 
or location in the existing frame of reference, as well as some common 
elements. Therefore, the degree of similarity that exists between 
matrix 1 and 2 is much greater than any similarity that migh exist 
between matrix 3 and another randomly constructed matrix, because all 
that the latter pair would have in common would be a number of identi- 
cal elements Gieccers) while the former pair have the same number of 
identical elements as well as a set of common sequential and positional 
relationships. In comparison the degree of similarity between two 
random matrices is quite insignificant and thus cannot be termed ‘high’. 
Nevertheless, according to the formal similarity definition, the degree 


of Similarity between the two randomly constructed matrices would have 


to be considered as being high. Obviously this is not ‘the ‘case; 


Formal similarity, as it is defined, does not take into account any- 
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being highly similar when in actual fact they are not very similar at 
all. 

In summary, all four matrices were constructed from five 
different letters which were used equally often in the matrices, thus, 
the formal similarity among them was very high. Nevertheless, the 
similarity between matrix 1 and 2 was actually vastly higher than that 
between 1 and 3, 2 and~3., 3 and another random matrix, 1 and 4, 2 and 
4, or 3 and 4. If two lists were constructed so that one contained 
matrix 1 and 2 as well as others possessing the same characteristics, 
then such a list would be higher in OP than one containing randomly 
constructed matrices such as 3 as well as some which possessed only 
sequential constraints such as matrix 4. While in the former list the 
matrices could be grouped according to the different types of spatial 
relationships and sequential constraints, the latter list could be said 
to consist of effectively different or, at best, low similarity matri- 
ces, since no two could be put into a category with another matrix 
even though they all used a common set of elements. Consequently, the 
latter list would have to be classified as a HIGH formal-low organiza- 
tional potential-similarity list which was composed of essentially 
DIFFERENT St0s, or at best, St0s which were actually LOW in similarity. 


Thus, what seems to be needed is a new definition of similarity for non- 


sense St0s which would rate St0s as highly similar only if they were 
also high in OP. Such a definition would then be consistent with the 
relationship that exists between meaningful similarity and OP, and the 


idea of one similarity phenomenon. In fact, the need to eliminate the 


combination of high formal similarity and low OP is a direct conse- 


ion' 1f similarity is one 
quence of the ‘one phenomenon assumption because y 
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phenomenon, then not only must similarity affect learning in the same 
way regardless of what type of St0s are being used, but the St0Os 
classified by a similarity definition into high, medium and low must 
exhibit parallel characteristics and posses parallel properties regard- 
less of the nature of the material. Since similarity is highly cor- 
related with OP and serves as a basis for organization when the St0s 

are meaningful items, then the same should hold when the St0Os are non- 
sense items. In this respect the formal similarity definition is 
inadequate because it omits two whole dimensions: sequential constraints 
and spatial coordinates. 

These two dimensions can be collectively referred to as the 
"internal organization’ of the St0. And, just as St0s may be composed 
of common elements so they may also have like internal organizations or 
different internal organizations, and the degree of similarity between 
two StO0s would depend on the closeness between their individual inter- 
nal organizational schemes as well as on the number of common elements 
and their role in the overall configuration. 

Of the three factors entering into the new similarity defin- 
ition, the relationship between the elements and the framework of the 
StO is the most important and influential factor in determining the 
degree of similarity. For example, two St0s may be similar (although 
in a low degree) and yet possess no common elements whatsoever. The 


following two matrices illustrate this possibility: 
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dal 
In spite of the fact that completely different elements are used to 
make up the configurations, the pattern stands out and makes the 
matrices similar to some extent. This similarity is much greater 
than that between matrix 3 and 4 which possess no common internal 
organization but only a number of common elements. 

The inadequacy of the formal similarity definition, or more 
generally the common elements definition, is more evident with three 
dimensional St0Os. Suppose two chairs, A and B, are taken as the St0s 
such that they are identical except for the arm rests. All would agree 
that they are highly similar. However, if one of the chairs is taken 
apart and then put together again but in a completely different way 
(different internal organization) then the degree of similarity between 
an untouched chair, B, and the reassembled chair, A", would be very low. 
Nevertheless, the formal similarity between B and A' would still have 
to be given as 'high'. It seems, therefore, that again the formal 
similarity definition leads to ratings which are at variance with obser- 
vation or even painstaking analysis. 

The same arguments, of course, apply to the similarity between 
nonsense syllables, but here the importance of the sequential con- 
straints and particularly that of the spatial coordinates is less self- 
evident because the St0s are linear or one dimensional. Nevertheless, 
the internal organization of a St0 is just as important. For example, 
the St0s in a given Set A, where A = [KXYS, KXYO], are highly similar, 
but the same cannot be said for the items in Set B, where B = [KXYS, 


YKOX].. In Set A the items have both identical elements in the same 


Sequence and at the same spatial coordinates; in Set B the letters 


i uch 
possess neither common coordinates nor the same sequence. A set s 
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as [KXYS, OKXY] illustrates two St0s which are similar because they 
have a common sequence of items; a set such as (KRY S. SYK]. fon tie 
other hand, shows two St0s which are similar because they have two 
common elements in the same locations. The highest degree of similar- 
ity exists between the St0s of Set A, the lowest between the St0s of 
Set B; and an intermediate degree of similarity exists in the other two 
sets. 

If a definition of similarity is to differentiate among all 
these degrees of similarity, then it obviously must make some reference 
as to cite internal organization of the StOs. That the spatial coor- 
dinates of the letters in trigrams are relevant has been implied by a 
limited number of studies; however, none of these attacked the question 
of the similarity definition directly (Martin, 1968; Nodine and Hardt, 
68; Monty, Fisher, and Karsh, -1967; Runquist and Joinson, 1968). The 
experiment by Martin (1968) indicated that Ss do seem to attach par- 
ticular significance to the first letters of the trigrams, and that it 
was possible, by manipulating the letters in this position, to influ- 
ence learning quite significantly. The study by Nodine and Hardt (1968) 
examined the 'Archer meaningfulness values' for trigrams and letters 
and found that the 'meaningfulness' of a letter changed with its posi- 
Eton in -afttrigram. A third study, even more marginally related to the 
internal organization of St0s, was conducted by Monty, Fisher, and 
Karsh (1967). They found that in tallying letters Ss reported using 
spatial cues by visualizing a number of windows in which the tallies 
were kept, that is, one window per letter. Finally, there is the study 
by Runquist and Joinson (1968) in which Ss judged the similarity of 


pairs of trigrams. The CVC's differed in 11 ways depending on the 
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location of one or two common letters (see Table 1, p.l00). The 
results indicated that the spatial coordinates of the common letters 
significantly affected the similarity judgements. Since these results 
were based on judgements and not an analysis the findings pertain more 
properly to psychological or subjective similarity than to physical or 
objective similarity. Nevertheless, the results may be taken to imply 
that spatial coordinates of letters should be examined as possibly 


valid characteristics to be incorporated in a definition of objective 


similarity for nonsense S£0s.° 

All the arguments presented in this Chapter have already 
illustrated this need, not only as far as spatial coordinates are con- 
cerned, but also for sequential constraints. Both aspects are needed 
for a comprehensive definition of objective similarity for nonsense 
materials. 

The new definition which is being proposed would apply to all 
physical StOs with the exception of printed meaningful words; and might 
be stated as follows: 

The degree of objective similarity varies directly as the number 
of common elements, and/or the number of common sequential con- 
straints, and/or the number of common spatial relationships. 

In terms of this definition it would be possible to rate two 


StOs as similar even if they did not have any elements in common but 


3 To the author's knowledge, so far only the studies of 
Miller (1958), Garner and Whitman (1965), Whitman (1966), Koeppel 
(1967, 1968), and Runquist (1968a, 1970a) have taken letter position 
into account in verbal learning experiments when dealing with simi- 
larity. 
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only common spatial relationships among different elements. For 
example, two chairs which do not contain any identical or common 
elements would still be rated as similar because of the common spatial 
relationships among their different elements. The very fact that a 
common label, 'chair', is used to designate such St0s suggests that 
they are, in fact, salaeee The same considerations, of course, would 
apply to St0s which had only common sequential constraints (e.g. HHB 
and GGX), or only common elements (e.g.GYX and XIG). However, whereas 
common spatial relationships, either singly or in conjunction with 
common elements, lead to a relatively high degree of similarity (chair 
A - chair B, XIF-XIL), common elements by themselves, as was shown, do 
not lead to any significant degree of similarity (house-pile of pre- 
fabricated parts; GYX-XIG). Thus, although maximum similarity depends 
on the presence of all three parameters, each parameter does not con- 
tribute an equal share to similarity. 

The use of such a similarity definition should lead to more 
consistent results between experiments using meaningful StOs and those 
using nonsense St0s. Nevertheless, one qualification has to be made. 
In verbal learning studies St0s appear in lists of more than two items 
in length. Therefore, two ranges of similarity must be distinguished: 
the similarity between any two St0s, and the similarity among all the 
St0s in the list. The new similarity definition deals only with the 


former range. However, it is the joint action of both that has to be 


Attributes such as common use (an environmental character- 
istic) do not have to be considered since other StOs are used for 
sitting without being called 'chairs'. 


A 


" 
vi" 


be te 


Loe + 


oA i 
inet “ohh iegiraed agate 
: ‘ih f 
’ ae 4 irene, 4a oe . 
f : 1% dha ir’ ede ee Cree 


‘fs Ie, Met 
ab oy Solas “J \ head 


¥ dahon: ‘duel 
oa byt 2a at heey age ioltae 


bs 


net 


at aa _ 
Yt hia seh cetang haere 
j : 


a hy intennlaetes 


is dey «ty hea oa bed 
aT ( aicitne > eta. (1 


ee 
sat) eris “acl srleut?t ieee 14 


. dri Aupitt (lean Tt 4 
' 
| ef )'>8 + i eee i. Ri ‘ in 
" 4. 
- 3 weg ye tm, “Ade 
| - r boeit begin fh usw 29a 
f ( a 0% Mahe Pos es? 
SN ' 
i H cane Lan Lyvar a9a8 
7 +) ogee “#OLR' 6OLSuth am 
é fn: Vultee Lom J Hts a Cosy ae 
Sioa Let hit ober) igen sronin ne 
_ 
‘ 
fj i tnt livte @ thane, rey ad? 
, jp rls 1) Sf ,gevauell.< 
— ' ny 
- 
(Jum ly nt wad eva 9 > 
nA 2%) mw, SS ie 1674 2 m 
‘ax ieds” /¢ 
+ 
_ 
> ini - % 4 is 


LS 
considered when the effect on learning is to be redverede. In order 
Eo obtain the overall similarity of a list a simple pair-wise compari- 
son of each item to every other item in the list re be used since 
it could yield a misleading estimate of overall similarity. For 
example, in some instances each pair-wise comparison could indicate a 
very high degree of similarity (VUK-VUL); however, the overall similar- 
ie ecould, in effect, be-nil. List’ 1 in Figure-3 illustrates this 
case. When each item is compared with every other item the common VU 
in BOTH StQs makes them highly similar, particularly since the common 
letters are in common positions. On the other hand, when the list is 
considered as a totality the VU is COMMON to ALL St0s and therefore it 
is [IRRELEVANT as far as the similarity of the whole list is concerned. 
fumerrect, the items in List l°’are all DIFFERENT. This is quite con- 
sistent with the usual evaluation of similarity among a number of items. 
For example, List 2 is considered as consisting of different items, and 
such COMMON factors as the following are regarded as obvious and there- 
fore irrelevant to the total similarity in the list. All the items in 
List 2 

(a) have a vowel in the middle, 
(b)itare. written ain upper ‘case letters, 
(c) are printed, 

(a)earea in plack ink, 

(e) are organized in horizontal lines, 
(f) have three letters each, 


etc. 


f The formal similarity definition is applicable to both ranges. 


Nevertheless, the disadvantages far outweigh the advantages. 
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List 1 ; eis ce) List 3 
VUH BOF H 
VUN CEH N 
VUL FUX L 
VUQ NID Q 
VUG MYP G 
VuCher: VAW 6 


Figure 3, Lists Varying in Similarity at Different 
Levels of Detail. 
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cy 
if characteristics that are common to ALL items in the set are to be 
disregarded as not contributing to the overall Similarity of the list 
then in the same way the common VU-letters are also irrelevant. In 
Beeece, che list is reduced to H, N, L, Q, G, and C. All these items 
are different. Consequently, overall similarity cannot be obtained 
only by pair-wise comparisons. A variable is needed which would give 
low estimates of overall similarity in such cases and which would use 
pair-wise similarity in some way. The only available variable meeting 


these criteria is similarity based OP. Thus overall similarity may be 


defined in terms of the OP of a list using the pair-wise similarity as 


mic) basis for ‘the organization.” In List 1 there is no OP due to the 
common VU's, that is, the VU's cannot be used to organize the list. 
m@ererore, overall similarity is nil. Thus if a list of n items is to 
have overall similarity, the pair-wise similarity must be such as to 
enable the formation of more than one group of n items and less than n 
groups of one item. 

Overall similarity, defined in terms of the OP of a list, should 
have the same characteristics and effect on learning as does meaningful 
Similarity. For example, a list consisting of musical instruments, 
animals, and professions is high in similarity, and permits clustering; 
a list consisting only of musical instruments in not high in similar- 
ity relative to the universe of the list. That all the items happen to 
be highly similar to each other when considered in relation to all the 
other items that might have been selected for the list is not pertinent 


to the estimate of the similarity among the items in the: List. iy 


other words, the overall similarity of a list depends on the existence 


; eae . i i ifference 
of 'difference' in the list. Similarity cannot exist if dit 
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does not exist. Thus the list forms a microcosm and SimMiLbarreyains we 
depends on the difference within it. The common VU's are only part of 
the 'ground' of the list. They do not contribute to the similarity or 
to the difference in the list. 

This becomes clear if the list consisting only of musical 
instruments is considered. In order to organize the list the Ss have 
to look for similarity among the DIFFERENT types of instruments: 
grouping the wind instruments into one set and the string instruments 
into another set. 

Such grouping, however, is at a lower level of detail and it 
is this that has an effect on performance. In general, it may be 
hypothesized that performance will become increasingly inferior as the 
Ss have to organize on finer and finer details or at a lower level. 

In summary, overall similarity is a relative concept depending 
for its degree (high, medium, and low) only on the universe in quest- 
ion which is the list. Therefore, its effect on learning will depend 
on the level of detail which has to be used in order to organize a 
given list. Consequently, the crucial factor in learning is the organ- 
ization of the items in the list rather than the identity of the parts. 
Therefore, the effect of similarity on learning can best be understood 
in terms of the organizational potential that pair-wise similarity 


provides in the list at a given level of detail. 
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Chapter 6 
THE EXPERIMENT 


A learning experiment was designed to test four hypotheses. 
The first three hypotheses are Proposition ie IT, and IIL, which were 
discussed in Chapter 4, and the fourth is the logical conclusion 
deduced from them. Although the former were amply supported with 
evidence from the literature, their importance as the theoretical 
foundation for the fourth hypothesis warranted that they also be 


tested experimentally. 


Hypothesis I. Subjects do not primarily learn by rote, but 
seek organizational strategies whereby they can make the learning 


task easier. 


Hypothesis II. Similarity has potential for organization. 


Hypothesis III. Organization of the material to be learned 


facilitates learning. 


Hypothesis IV. Similarity facilitates learning under condi- 


tions of opportunity .2 


luypothesis II is listed as a hypothesis even though a vice a 
tested directly but only by inference. This treatment was se ected be 
cause it was felt that it formed an integral part of the logical struc- 
ture and therefore should not be separated from the other propositions. 


gro a discussion .of ‘conditions, of opportunity’ see pp. 77-78, 
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BeGinition of Variables 


The experimental variables in this study are Similantty,«f0r— 
mal similarity, and organizational potential (OP). 

Es Formal (Similarity. This is defined in terms of the number 
of common letters per list. For a given number of items, similarity 
increases as the number of different letters decreases. 

2. Similarity. There are two domains of similarity which 
have to be differentiated: the similarity between pairs of items, 
and the overall similarity of the list. This distinction has to be 
made since an increase in pair-wise similarity does not necessarily 
result in an increased degree of overall similarity. 


(a) Pair-wise similarity is defined in terms of the number 


of common elements in common positions with common sequential con- 
ptraints, the latter referring to contiguous sequences only. The 
relationship between the three variables can be systematized in a 
three dimensional matrix. However, since the exact weighting of the 
dimensions is still to be determined, the definition remains qualita- 
tive. It can, however, be used if items are selected either along the 
diagonal or along any one of the dimensions, the other two being held 
constant. , 

One qualification has to be made however. The definition and 
the resulting matrix assume that the nonsense syllables are one dimen- 
sional stimulus objects (St0s). That is, all the items ina list are 
written horizontally on a plane. However, if the’ trigrams are defined 


as three dimensional StOs and rotations out of the plane of the paper 


peee p.-114 for a discussion of this point. 
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are permitted, then mirror-images such as VUK-KUV become highly simi- 
lar which they are not when regarded strictly in a one dimensional way. 


(bo) Overall list Similarity is defined in terms of the degree 


of OP using pair-wise similarity as a basis. Consequently, overall 

list similarity increases with increased pair-wise similarity but only 
as long as OP increases as well. Therefore, a list such as #1, Figure 
3, p- 116, although high in pair-wise similarity would be low in over- 
all similarity since the pair-wise similarity cannot be used for organ- 


@zation, that is, OP is low. 


(3) Organizational potential (OP). This variable is desig- 


nated as a ‘potential’ since it does not guarantee that the available 
sttucture will be perceived or used. 

Organizational potential is defined in terms of groupability, 
comprehensiveness, and complexity. 

(a) Groupability means the possibility of grouping the items 
in the list into more than one group of all n terms, and into less 
than n groups of one item. Groupability, however, does not indicate 
the basis for the formation of the groups nor the relationship, if 
any, between the groups. Thus, items may be grouped on the basis of 
Similarity; or, Ben List 3, Figure 4, on the basis of alphabetical 
proximity (B and C; P and Q; and M and N). Lists, Pe? and. il las 
trate grouping on the basis of similarity. 

(b) Comprehensiveness is defined in terms of the degree to 
which all the items in the list can be encompassed in one simple cod- 


ing statement. Thus comprehensiveness is enhanced if a relationship 


exists between the groups so that they can be structured into a bigger 
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VUK VUX VUX 
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Lists Varying on the Defining Characteristics 


Figure 4, 
of Organizational Potential (OP). 
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unit, in other words, so that the 'chunks' can be recoded into bigger 
mnunks' .°* Therefore, List 1, Figure 4, has the most comprehensiveness 
since not only do both groups contain an equal number of items but the 
locus of similarity is the same in both groups. That is, the common 
letters occur in the first and second position in both CuOUupSs List 
2, is a little lower in comprehensiveness since an added qualiniecation 
is needed to identify the locus of similarity. List 4 is the lowest 
in comprehensiveness as the items in it can neither be grouped into 
equal item groups nor can they be related with a simple statement into 
Sie big group. List 3 is like List 1 but not entirely so. Although 
a common rule may be used to characterize the relationship within each 
group, the alphabetical nature of the grouping is not maximized. Since 
the basis of organization is a learned sequence the comprehensiveness 
of the list would have been enhanced if the first member in each pair 
had been an equal distance from the first member in the other two 
groups, that is, if the interval between B and M had been the same as 
that between M and P on the alphabetical scale. 

(c) Complexity refers to the degree and quality of the multi- 
plicity of available alternatives for the formation of primary and 
secondary groups. In other words, if the items in the list can be 
members of more than one group, complexity is increased and OP may be 
decreased depending on the quality of the available categories. If by 


belonging to more than one group an item can contribute to the regul- 


arity of the overall structure then OP will be enhanced. For example, 
Peo List 4, Figure 4, the primary grouping is on the basis of first and 


second letter identity; however, VUX could be a member of group 2 on 


the basis of common letters while VUZ could also be a member of group 3 
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because of the common Z. Nevertheless, the quality of the complexity 
is regular and not random since both letters of the first group are 
used as the initial letters of the other two groups. Had the complex- 
ity been random, as in List 6, then OP would have been reduced be- 
cause of the increase in the complexity of the coding system necessary 
to specify the structure, 

Consequently, high organizational potential (HOP) is character- 
meec by the simplicity of the final coding statement. 

As it stands the definition is qualitative rather than quanti- 
tative; however, there should be no difficulty in applying it for 


gross categorizations such as high, moderate, and low OP. 


The Materials 

A questionnaire and eight experimental lists were constructed. 
The purpose of the questionnaire was to determine the learning stra- 
tegies, if any, employed by the subjects (Ss) during the first part 
of the experiment. In addition it was to provide some indication as 
to the extent to which the Ss coded the St0s as pronounceable units 
rather than adopting the alternative of spelling them. Finally, it 
was to give the Ss' reaction to the sequence in which the items were 
presented in the list. A specimen copy of the questionnaire appears 
in Appendix F. 

The learning materials consisted of two sets of lists which 
differed only in the sequential ordering of the items. One set was 
designated as the ordered set (S) and the other as the random set (R). 


Each set consisted of four lists of 12 CVC trigrams each, matched on 
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frequency and association values, the latter ranging from 0 to 47 o 
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the Glaze scale (Underwood and Schulz, 1960). 

The lists were constructed so as to vary with respechato: Lor— 
mal similarity, similarity, and OP. Table 3 gives the list deserip-— 
tions in terms of the three experimental variables. The inverse re- 
lationship between similarity and OP at the low end of the spectrum 
occurs as a result of other bases of organization present in the 400 
list. In other words, the OP value given in the table is general 
and not just similarity based. The column designated 'similarity' 
indicates the joint effect of pair-wise similarity and similarity 
based OP. 

The degree of pair-wise similarity for each list is given in 
Table 4 and all the lists are reproduced in Table 5. A specimen set 
of all the lists also appears in Appendix E. 

The lists were constructed according to the following speci- 
fications: 

hictal00. Thic is the hich similarity (HS), bigh formal simi 
larity (H£S), and high organizational potential (HOP) list. It was 
constructed from ten letters: eight consonants and two vowels. Essen- 
tially the list consists of two StOs and their 180° rotations or 
mirror-images. Consequently, the degree of pair-wise similarity is 
very high (Table 4). In terms of OP the description can be coded as 


follows: 


(vu) (K, T, X) a we 
and the six mirror-images. 


(ZO) (H, J, S) 


Thus, similarity based OP is also rather high. 


Ee 


(hea . Bed Bee 
“tht 41) {) weeks ete wee Nez) oe wg la fous ory y re i 

ie i es ee 
havo ule Sot l) ahd. daviy-* ‘ shitwh. - Se Som , Cree bbete |; a 
=A : , ; 
pe eae aD cbt . « loo Let eieivigae Geen? adv Aare 
es fom is 

Ln ie | a) th i atl i i= tg) Pers shail date 


a 


ii a Y | + le iiioeat WOYEe hg asian 


—) 
et 


‘ al ; ‘A 
‘ed isals r “ial or, hota! as Praat a a 


¥ = i ’ : 8 el » (.*9¢ tg ah ¥rut ia inte} Ht 
“< 


= + 
wihty le ovis Guber aah aber Ks 


¥ 


a ry J Be «) mf nt v4 | Pee iefde sing 1 @ ° 


Ll ce GUabyio tee? atin cadell si 

: 4 

d ye re o 

limivgy) nd. ¢itoqqy ofle Clee 

‘= (ce 
» $A ‘ivid, 7 ; ' ' tH & @ rr \ 

i ; ; ; SPOR) AiG>..o't ow a -* 

of? 

Ay, ; be 

j 4 cf 

4 ’ Ly SJ 

‘ 


bil Pharr. to. Cai eee LAM (ol! @dy ot ali? 


oh 
i) 


fake OT te TT) GUND LUN Teatliey LA oneungse igld baw: 
ta : 


eS 7 
Hope; Alen ows Nab err ibibias pte tetesent 603 mae ! 
7 o| a 
2%) iad ica “His ' ® ee raeet | Ri fe STALHAKS ’ e 
wy - 
2 ee er lur lng Fo Sotewh wa) py Memipsennd ore 
| as 
} . ti Pelioa, ot“ iite> HODLIRIG bes wrle "UY Qe abe at ft idsT) 


a , 


. A a? i v 
jie pee ehe ered ak ‘ : ok 


¢ 
Pe oe 

7. Bt / | 

Aub waitin ont ef 9 fies red 
a ss i > : 

_ : - 7 

ee 
> Tan oP a” ar a 


i _ “ 


126 
TABLE 3 
DESCRIPTION OF EXPERIMENTAL LISTS IN TERMS OF FORMAL 


SIMILARITY, SIMILARITY AND 
ORGANIZATIONAL POTENTIAL 


Name of Degree of Formal Degree of Degree of 

List Similarity oimi Larity Organizational 
(£S) (S) Potential 
(OP) 

100 high high high 
(HSL) 
200 high moderate moderate 
(MSL) 
300 high low very low 
GESL) 
400 almost nil almost nil low 
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TABLE 4 


DESCRIPTION OF PAIR-WISE SIMILARITY WITH FREQUENCY 
OF OCCURRENCE PER LIST 


Category* Prequency Ol Pairs Per, List Desceriptionso£ 
100 200 300 400 Similarity 
a 6 6 Mirror-image pairs 
2 1g 6 a (2,2,2)-2 common elements 


in 2 common positions with 
common sequential constraints 


3 12 6 4 G2 0) 

4 19 6 Oe olesnt0)) 

b 1 G2< HOSE 0) 

6 8 ae 0, 0) 
Sub-Total: 30 18 32 d 

" 36 48 34 59 CORROP 10) 
Total : 66 66 66 66 


“The categories are listed in decreasing degrees of similarity. 
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TABLE 5 


EXPERIMENTAL LISTS 


100 S$ 200 S 300 S 400 S 
VUK QIF FUX BOF 
VUT QI HUZ CEH 
VUX FIQ JIH GYX 
KUV JIQ KUJ LAJ 
TUV VUK QI MYP 
XUV VUX Qos NID 
Z0H KUV SOZ QUI 
ZOJ XUV VOF QUR 
Z0S Z0H VUK TEH 
HOZ Z0S XIF VAW 
JOZ HOZ XOQ VUK 
S0Z SOZ ZIV ZOS 

100 R 200 R 300 R 400 R 
JOZ HOZ XOQ VUK 
ZOH KUV SOZ QIJ 
HOZ Z0S XIF VAW 
VUK QIF FUX poe 
SOZ SOZ ZIV ZOS 
TUV VUK QI MYP 
VUT QIJ HUZ ae 
XUV vuX Qos NID 
20J XUV VOF QUR 
KUV J1Q KUJ ics 
20S 70H VUK TEH 


VUX FIQ JI GYX 


ee 


>= AS 


ae 
25S LOTT) nay is 


4 SS. 


vi 


i 

a 

if) 

4 

/ 
sua 
7 
tj 
ik 


is 

—_ 
i 
? 


SU etet ti 


29 
List 200. This is the moderate similarity (MS), high formal 
similarity (HfS), and moderate organizational potential (MOP) list. 
It was constructed from 12 letters: nine consonants and three vowels. 
Essentially the list consists of three StOs and their mirror-images. 


In terms of the OP description this can be summarized as follows: 


COD) CFS) 
CVU CK, and the six mirror-images. 


(20) (H, S) 


Thus, similarity based OP is somewhat less than for List 100. The 
degree of pair-wise similarity is also less (Table 4). Therefore, 
the overall similarity of List 200 is somewhat less than that of List 
100. The degree of difference is not large; however, the requirements 


of matching necessitated this construction. 


tigt 200, “This is the: lowssimtlarity (LS), hich formal simi— 
larity (HfS), and very low organizational potential list (VLOP). It 
was constructed from 12 letters: nine consonants and three vowels. 
Table 4, page 127, gives its pair-wise similarity. In terms of number 
of pairs that were totally different, List 300 is matched with List 
100. The OP of this list cannot be described in any simple way and 


thus will not be attempted. 


List 400. This is the no similarity (NS), no formal similar- 
ity (N£S) and low organizational potential (LOP) list. The laistets 
designated as 'no' even though there is some similarity. This was un- 
avoidable with a 12 item list. Thus, all the letters of the alphabet 


were used with H, J, Q, and V being used twice. The letter Y was used 
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only as a vowel. All the vowels were used twice. The OP is designated 
as low rather than nil because there was some Similarity which could 
be used as a basis for organization, and the contiguous alphabetical 
sequence that some of the items formed also provided some additional 
mee ror example, LAJ, MYP, and NID were in alphabetical order. The 
list, however, could not be reduced to one simple group. At best there 


were four groupings available. These may be represented as follous 


Z0S 
. BOF 
CEH - TEH 
AS 
. MYP - GYK QIJ - QUR VAW - VUK 
NED 


fois ti lustrates the use of a hybrid OP, combining similarity with al- 
phabetical order. Such groupings have, however, a disjunctive charac- 
ter since group membership is described in terms of more than one pro- 
perty. For example, the top group is formed if an item has an 0: 20n 
an 'EH' or is in alphabetical sequence (B and C). Such disjunctive 
groupings, however, are not formed as readily as conjunctive groups 
(Bruner, Goodnow, and Austin, 1956). 

In general, OP is low for the 400 list but not as low as for 
the 300 list since in the latter case it is not possible to describe 
the OP in a simple way because many items can belong to more than one 


group and the relationship is not consistent but is random. 


‘whis is a summary of the most common strategies that were re- 
ported by the Ss on the questionnaire. 
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Heal 
The Subjects 


The Ss were 299 senior high school students attending Leduc 
Senior High School, Leduc; St. Albert High school, St. Albert; and 
Memorial Composite High School, Stony Plain, Alberta. All Ss were 
naive with respect to verbal learning experiments. A one-way analysis 
of variance indicated that Schools was not a significant variable 
at the 0.10 level on all 23 performance measures used in the experiment.? 
Therefore, the final sample of 240 Ss was selected from the total group 
of 287 Ss, 12 Ss having been rejected for not following instructions. 
The method of selection was random except for the following conditions: 

(a) An approximately equal number of Ss Were selected from 
School 2 (St. Albert) and from the combined pool of Ss at School 1 
and 3 (Leduc and Stony Plain respectively) .° 

(b) Exactly 15 Ss of each sex were selected for each treatment 


combination. 


Procedure 
The experiment was conducted during regular school periods with 
eight groups of Ss ranging in size from 22 to 67. 


The supervisor began the session by giving the Ss some background 


5For three performance measures the homogeneity of variance as- 
sumption was not met. However, the calculation of the S-statistic indi- 
cated that the critical F-value was not affected to any great extent and 
the difference between Schools for the three measures was not signifi- 
Cant at the 0.05 level. A discussion of the S-statistic is given in 
Appendix G, and the statistical data are summarized in Appendix H. 


econdipion (a) was imposed because the variance on a number of 
measures for School 2 was smaller than that for the other two Schools, 
and in three cases, as indicated in the previous footnote, the differ- 
Merete ween the variances was significant at the 0.05 level. 
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information as to the nature of the learning experiment (Appendix Be 
Next each S received the following: 

(a) A Practice Booklet (Appendix D) 

(b) A Questionnaire in a brown envelope (Appendix F) 

(c) An Instruction sheet (Appendix C) 

(d) A Word List, placed face down on the desk (Appendix E) 
One set of Word Lists was handed out randomly to the female Ss and one 
set to the male Ss. In this way an approximately even distribution 
of the sexes in each treatment combination was achieved. 

After the supervisor read the instructions to the class, the 
Ss practiced the learning method using the four three-digit numbers 
provided in the example. When all questions as to procedure were ans- 
wered, the actual learning experiment began and continued until all Ss 
had reached the criterion of one perfect recall on trial 5, 10, or 15. 

The Ss were given 2.0 minutes to study the Word List and 1.0 
minute to write down in the Practice Booklet as many of the nonsense 
words as they could remember. At the end of the fifth trial ( a study- 
recall sequence being considered as one trial ) the Ss were asked to 
mark their latest recall. If all 12 items were correct the S proceeded 
to the Questionnaire, if not, then the S continued for five more trials 
and the same procedure was followed. At the end of the 15 trials all 
Ss went on to the Questionnaire even if they had not reached criterion. 

After completion of the Questionnaire, the Ss placed all the 
materials into the envelopes which had been provided with the Question- 


naire. All envelopes were then collected by the supervisor. 


Scoring Recall and Questionnaire 


In scoring the recall protocols 24 performance measures were 
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pecorded per S (Table 6). 


Although the Ss went up to 5, 10, or 15 trials, all inter- 
vening trials were marked up to the first correct trial, except. that 
the first five trials for all Ss were marked. The 'Trials to Criter- 
ion' was the number of the trial on which the S had all items correct 
foc the first.time. 

Since recall was free the sequence of items was not a determin- 
ing factor of correctness. 

Three types of errors were distinguished and scored separately: 

Ca) "Overt Errors 

(b) Omissions 

(c) Unclassifiable (incomplete trigrams and duplicates) 
Category (a) and (b) occured because the Ss were not forced to write 
12 responses on each trial. Consequently, two types of errors were 
possible, those of commission and those of omission. 

The scoring of the questionnaire was done in four parts: 

(a) .Learning Strategy, questions 1, 3, 4, 6, and 7 

(b) Similarity Based Associations, question 5 

(c) Pronounceability of Items, question 8 

(d) $Preterred Order; question 9 
An examination of the verbal reports dealing with learning strategy 
suggested seven different categories with a number of sub-classifi- 
cations. The categories with their sub-classes are presented in Table 
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7. A code is used to differentiate between "comprehensive and ‘lim 


ited' strategies. The former designation indicates those strategies 


which were used to organize all 12 items in the list, for example, the 


grouping of the items in a list into three groups of four, or the use 
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PERFORMANCE MEASURES 


TABLE 6 


of Trials to Criterion 


Correct 
Correct 
Correct 
Correct 
Correct 


On Trial 7 
on, Beial<#2 
on Trial #3 
on Trial #4 
on Trial #5 
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Total Number Correct on Five Trials (#1-#5) 


Number Wrong (Overt 
Number Wrong (Overt 
Number Wrong 
Number Wrong 
Number Wrong (Overt 


(Overt 
(Overt 


Errors) 
Errors) 
Ecrors) 
Errors) 
Errors) 


on 
on 
on 
OTL 
onl 


EGuat 
Drier 
Thial 
Trial 
Poul 


Total Number Wrong (Overt Errors) on 


Number 
Number 
Number 
Number 
Number 


Wrong 
Wrong 
Wrong 
Wrong 
Wrong 


(Omissions) 
(Omissions) 
(Omissions) 
(Omissions) 
(Omissions) 


on 


on 
on 
on 


Trial #1 


on Trtal #2 


Trial #3 
Trial #4 
Trial #5 


#1 
#2 
#3 
#4 
#5 


Five Trials (#1-#5) 


Total Number Wrong (Omissions) on Five Trials (#1-#5) 


Mean Number Correct per Trial 


Mean 


Mean 


Mean 


Mean 


2 Aga 


are means. 


Total Errors per Trial 


Number Wrong (Overt Errors) per Trial 
Number Wrong (Omissions) per Trial 


Number Wrong (Unclassifiable) per Trial 
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TABLE J 


A DESCRIPTION OF THE LEARNING STRATEGY 
CLASSIFICATION SYSTEM 


ea ie eee 
OS Se a a RE 
a ee 
Strategy Use Description of Sub-Classification 
Se ee ee eee 
1. Similarity C 1,1 Grouping into pairs of mirror-images, 


e.g. VUK — KUV 


C 1.2 Grouping into pairs or threes by first 
two or last two letters, 
Cee OLE VUK JOZ 
Olj or VT, cor, HOZ 
VUX SOZ 
6; 1.3 Grouping into fours or sixes by common 
letters and mirror-images, 
eve en FLO: =001F KUV - VUK 
SIOM=0L) or UNE. VUT 
XUV - VUX 
C 1.4 Grouping six "basic' words together 


(the other six being the mirror-images 
to the 'basic' words) 


CS 1.5 Use of letter relationships, or gener- 
ative strategy 


L 1.6 Grouping by common letter in common 
position, (list 300 & 400 only), 


300° lists only 3) mutually sexclugive 
and 2 overlapping pairs available: 


VOF , XIF , HUZ , KUJ , QIJ (note 
VU) X00) = SOZ> \OlLunEnO0S QIJ) 


(continued) 


ND 


“The code indicates the extent to which strategy was applied, 
or any special considerations. 


Key: C -(comprehensive strategy)-used to organize all 12 items 
L -(limited strategy)-used to organize a few items only 
S -(special case)-sub-class is not a proper member of 
the class 
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TABLE 7 (continued) 


nr er en ee ne a 


Strategy Use Description of Sub-Classification 


Point larity & 6s (continued) 


OR grouping into three groups of four 
by middle vowel> 


400 list: only 2 mutually exclusive and 
2 overlapping pairs available: 
CEH VAW LAJ QIJ 


& & & 


seit Waar aaa? Fonte ets ELD) 


AND also available: 2 pairs of mutually 
exclusive vowels (third is with CEH-TEH) 
and three overlapping pairs°: 
Sg UP GEG «NS are ey 
ZOSi aiMVP +10 Tipe OUR 
L 1.7 Grouping by common letters in mirror 
positions *Conly! ini 300 List), 


300 list: only 3 pairs of two letter re- 
versals and 1 pair of first-last reversal, 
VUK 3 OL Is 40X00 axe 


lie ean maori Beane 


iC 1.8 Grouping by #6 AND #7 (list 300 only) 


129) sSimilariey noticed only, no andicatton 
given as to use OR similarity noticed 
but NOT used 


2. Aural 
Grouping i: 2.1 Grouping into similarly sounding pairs 
G.ee KUS Ors 
B ienonen three groups of four would be a comprehensive 


strategy it is included under limited strategies because 
it was only used for one group of four items. 


“Although 6 pairs would be a comprehensive strategy, vowel 
grouping was used for less than alh pairs, thecetore, LC 
is designated as ‘Limited’. 
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TABLE 7 (continued) 


Strategy Use Description of Sub-Classification 
ee ee ey Oe a ee 
3. Chaining 1b 3.1 Forming “avciain ‘of 2.3, or 4eitems 


by linking last and first letter 
e.g. SOZ — ZIV - VUK - KUJ 


4, Numerical C 4.1 Grouped into 2 groups of six 
Grouping 
C 4.2 Grouped into 3 groups of four 
G 4.3 Grouped into 4 groups of three 
C 4.4 Grouped into 6 groups of two 
C 4.5 Grouped into two or three odd groups 
e.g. 8 and 4 
Oo padmrande 
S 
5. Rhyming or ! 
Use of Sound L 5.1 Grouping into rhyming pairs 
Cre eee — eb Ne OI 
TEH and CEH 
Ny 5.2. Use of a ‘sound pattern’ or “sound 
in a series" etc. 
L 5.3 Miscellaneous 


e.g. sounded funny 


6. Alphabetical 
Order C 6.1 All 12 items in alphabetical order 


L 6.2 Some items in alphabetical order (more 
than four) 


L 6.3 One pair in alphabetical order, that is, 
two items grouped together because they 
were in alphabetical sequence 
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TABLE 7 (continued) 


SS) SI oS 
Mm fF WwW Wd 


Rae 


Description of Sub-Classification 


Individual items recalled because of 
association with alphabet, 


eo, a Jdile gdiss inareverse: orders, te 
OF eLUV FL Sui OLraers lve 


Use of sentences for a few items or 
for individual letters in one item 


Grouping by difficulty 
Grouping by pronounceability 
Differentiated practice 


Grouping letters together by position 
(first column, second column, and 
third column of letters) 


Visualizing total List 
Various sequences and orders 


e.¢. earning from last to first or 
learning from middle up and down 


Miscellaneous personal associations and 
mnemonic devices 


Others 
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of alphabetical order for all 12 items. The latter designation refers 


to those strategies which were used for seven items at the most, for 
example, the formation of a four item chain such as SOZ-ZIV-VUK-KUJ, 
or the use of a rhyme pattern between two CVC's when they are spelled 
as in the case of V-U-K, Q-I-J. In some instances the 'limited' de- 
Signation indicates the use of a strategy for a single item, for ex- 
ample, the use of alphabetical order for TUV (T, U, V). 

Questions 5, 8, and 9 were scored in a straight-forward manner 


by recording the Ss' answers directly. 
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Chapter 7 
RESULTS 


The primary data arose from four performance measures on four 
lists by two item orders. The lists varied in formal similarity, simi- 
larity, and organizational potential (OP) (see Table Oy Del lO) sa ine 
items in each list were either organized (S) or in a random sequence (R). 

The secondary data arose from the Questiornaire which was ad- 
ministered after the learning-recall phase was completed. The purpose 
of the Questionnaire was to determine the Ss' learning strategy, their 
reaction to the item sequence in the lists, and their predominant coding 


mode (spelling versus pronunciation of CVC's). 


Analysis of Primary Data 


The four performance measures were the number of trials to cri- 
.terion, the mean number correct per trial, the mean number of overt 
errors per trial, and the mean number of omission errors per trial. 
The data are summarized in Tables 8, 10, 12, and 14. A two-way analysis 
of variance indicated that the list variable was highly significant on 
all performance measures (p<0.0001). The order variable, however, was 
ealy sienificant for trials to eriterion (p < 0.0002), mean number cor- 
rect per trial (p<0.03), and mean number of omission errors per trial 


(p <0.002). Order did not reach significance at the 0.05) Level toa te 


mean number of overt errors. The list by order interaction was not 
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TABLE 8 


MEAN NUMBER OF TRIALS TO CRITERION FOR 
ORDERED (S) AND RANDOM (R) LISTS 
COVARYING IN SIMILARITY AND 
FORMAL SIMILARITY 


ae ee ee 


List Mean Number of Trials to 
Criterion 
(S) (R) 
1007 2.47 373 
200 2.30 SYS) 
300 7.00 Tod 
400 Shoo 4.53 


“see pp. 125-129 for key. 


TABLE 9 


SUMMARY OF TWO-WAY ANALYSIS OF VARIANCE 
FOR TRIALS TO CRITERION 


Source’ of Variation Ss df MS F 
i ae ee eee eee ne enn eager eee Sa 
A GEfsts) 713509 St 23770108 363 ee 
B (Order) 96.27 1 96.27 14.71*** 
AB 13763 3 G54 0.69 
Error 15 TS 61 Ze 6.55 


«ue De a 


*k& Significant at 0.001 level, p< 0.0002 


KKK Sionificant at 0.00001 level, p< 0.000002 
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TABLE 10 


MEAN NUMBER CORRECT PER TRIAL FOR 
ORDERED (S) AND RANDOM (R) LISTS 
COVARYING IN SIMILARITY AND 
FORMAL SIMILARITY 


For on dS aig De Re EE RN 


Lust Mean Number Correct Per 
Jingu yl 
(S) (R) 
100% 10.26 10.25 
200 10752 9.36 
300 8.26 oeZ 
400 9.78 9853 


acce pp. 125-129 for key. 


TABLE 11 


SUMMARY OF TWO-WAY ANALYSIS OF VARIANCE 
FOR MEAN NUMBER CORRECT PER TRIAL 


source of Variation Sys) df MS F 
Aacuists) 150.094) 23 50.03 26.77****% 
B (Order) 9.05 1 9.05 4, 84% 
AB i245 3 4.05 Pa fT 
Error “33.59 232 Lor 


eg orale I er a eT STEEL GRE Sa ad 


* Significant at 0.05 level, p< 0.03 


*KKKK Sionificant at 0.00001 level, p< 0.000003 
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TABLE 12 


MEAN NUMBER WRONG (OVERT ERRORS) PER TRIAL 
FOR ORDERED (S) AND RANDOM (R) LISTS 
COVARYING IN SIMILARITY AND 
FORMAL SIMILARITY 


a  ...... 


hist Mean Number Wrong (Overt Errors) 
Bee, Etta 


(S) (R) 
100° 0.73 0.52 
200 0.87 0.85 
300 jae 7 
400 Onyal Oi? 


"see pp. 125-129 for key. 


TABLE, 13 


SUMMARY OF TWO-WAY ANALYSIS OF VARIANCE 
FOR MEAN NUMBER WRONG (OVERT ERRORS) 
PER TRIAL 


Source of Variation Ss df MS F 
ae es ea I a ae ea ee i ie os, 
A (Lists) 13 7 i is ey | 8.264448 
B (Order) 0.10 1 0210 Oat9 
AB HAS) 3 Q.19 0.35 
Error 8357 232 0555 


I eee 
*x*k* Significant at 0.0001 level, p< 0.00004 
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TABLE 14 


MEAN NUMBER WRONG (OMISSIONS) PER TRIAL 
FOR ORDERED (S) AND RANDOM (R) LISTS 
COVARYING IN SIMILARITY AND 
FORMAL SIMILARITY 


List Mean Number Wrong (Omissions) 
Pec Yc at 
(S) (R) 
¥ 
100 0.86 105 
200 0.54 1.64 
300 2.26 2 5G 
400 1.44 1367 


“see pp. 125-129 for key. 


TABLE 15 


SUMMARY OF TWO-WAY ANALYSIS OF VARIANCE 
FOR MEAN NUMBER WRONG (OMISSIONS) 
PER TRIAL 


Source of Variation SS df MS F 


a ee ee ohm a en na ne nr em NE ATT IAC LAL OLAS ACAD 


A (List) 76.39 3 25.46 23,23%%**x 

B (Order) i202 1 12.02 10.96** 

AB 8.41 3 2.004 2 756 
Error 254.29 232 Veto 


MM ta 


** Significant at 0.01 level, p< 0.002 


AkkKK Significant at 0.00001 level, p< 0.000004 
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Sreutricant at the 0.05 level C55 2.64) for all four performance 
measures. However, for the mean number of omission errors persona 
and for the mean number correct per trial the interaction did approach 
ereueticance (F = 2.56, p<0.06 and F = 2.17, p<0.10 respectively). 
The statistical analyses are summarized in Tables 9, 11, 13, and ss 
For each performance measure the difference between the means 
for the two levels of the order variable (S and R) was analysed at 
ezentlevel of the list variable (100, 200, 300, 400) using four orthoe- 
onal comparisons.” The results of the analysis indicated that for all 
performance measures, except for the mean number of overt errors per 
trial, the difference between the S and R item order was significant 
only for the 200 list. An examination of Figure 5a shows that list 200 
is the one which is affected most by a random arrangement of the items. 
Under the S condition 2.30 trials were needed to reach criterion; 
however, under the R condition 4.33 trials were required. This is 
almost twice as many. The difference between the means is significant 
at the 0.01 level (t = 3.08, t gg= 2.60). On the other hand, list 100 
is not affected as much: 2.47 trials for the S condition and 3./3 for 
the R condition. The difference does nor quite reach significance at 
Ene 0-05 level (t “= 1.92, t gs= 1.97). The two lists? dvirem ineterme 
of OP and foe leethee. list 100 being highest in both. Thus, the higher 
the similarity and OP the less the negative effect of randomization. 


lin all analyses the denominator for the F-ratio was calculated 
on the basis of a fixed effect model with equal n's per cell (ANOV25, 


computer program). 


2For a discussion of planned orthogonal comarisons see Edwards 
(1960) pp. 140-148 and pp. 189-191. A sample calculation and a summary 
of the statistical analysis is given in Appendix K. 
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Trials to No”. Correct 


Criterion per Trial 
8 10.5 


10.0 
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mA!) 
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> (b). Profile of Data from«Table 10. 
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5 (c). Profile of Data (Table 12). 5 (d). Profile of Data from Table 14, 


Profiles for the Order Variable at Four Levels of Similarity 

for (a) Trials to Criterion, (b) Mean Number Correct per 

Trial, (c) Mean Number of Overt Errors, and (d) Mean Number 
A { 


of Omission Errors per Trial. 
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On the other hand, list 300 which is low in similarity and very low in 
OP was affected least. The mean number of trials to criterion were 
7.00 and 7.77 for the S and R conditions respectively (t = 1.16). 
Consequently, randomization has the least effect at both extremes of 
the similarity and OP continuum. 

List 400 which was the no-similarity list and low in OP (but 
higher than the 300 list) was affected somewhat more than the 300 list. 
For the S condition 3.53 trials were needed and for the R condition 
4.53 trials (t = 1.51). On the average, one extra trial was needed to 
overcome the effects of randomization. Thus the relationship between OP 
and order is quite ere ierent. At very high OP randomization has some 
effect, at intermediate OP the hindering effect reaches a maximum, and 
as OP decreases to low levels the effect also decreases and then almost 
disappeares. A similar pattern was observed for the other two perform- 
ance measures for which the overall effect was significant. For the 
mean number correct per trial (Figure 5b) the difference between the $ 
and R condition for list 200 was significant at the 0.01 level (t = 3.27, 
t 99° 1.97). The obtained t values for all other differences were less 
than one (see Appendix K). For the mean number of omission errors per 
trial (Figure 5d) the difference between the S and R condition for list 
200 was significant at the 0.001 level (t = 4.04, t 999= Be SO). 

| The relationship between the effects of randomization and sim- 
ilarity also follows the same pattern since similarity and OP (similar- 
ity based OP) vary directly. However, for the 400 list the effect is 
confounded because of non-similarity based OP. 


The nature of the relationship between formal similarity and 


randomization is not systematic. Lists 100, 200, and 300 were made 
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equally high in formal similarity, but the effect of randomization was 
different for each. 

In general the data indicate that a random arrangement of the 
items in the list leads to inferior performance, requiring more trials 
to reach criterion and resulting in fewer number correct pChvebidal. 
However, whereas the number of omission errors per trial is signifi- 
cantly higher for the random lists, the number of overt errors is almost 
identical for both item orders. The relationship between the effects of 
randomization and OP (acta eee) was seen to be curvilinear, while 
that between formal similarity and randomization was found to be irreg- 
ular. 

The variation among the lists was explored further by means of 
the Scheffe Multiple Comparison technique. 

Trials to Criterion. Pair-wise comparisons between each mean 
and every other mean indicated that only the differences between the 
300 list and aie 100, 200, and 400 lists were significant (p<0.00001). 
The means for the 100, 200, 300, and 400 lists were 3.10, 3.32, 7.38, 
and 4.03 trials respectively. As can be seen the 300 list required the 
most number of trials to reach criterion. Although the difference is 
not statistically significant the 400 list required the next fewer 
number of trials while lists 100 and 200 required the least number of 
trials. The performance parallels that of OP rather than that of simi- 
larity. The relationship between performance and formal similarity is 
not consistent, being at once the best and the poorest. A comparison 


of the mean number of trials for the 100 list with the mean number of 


trials for the 300 list shows this clearly. “The best performance 


Occurred on the 100 list (3.10 trials to criterion) while the poorest 
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performance occurred on the 300 list (7.38 trials to criterion): ) yet 


both lists were equal in formal similarity. 


Mean Number Correct per Trial. The relationship was exactly 
the same as cor trials) tO criterion. “For lists 100, 200: 300, and 400 
fue number correct were 10.26, 9.94, 8.19, and 9.65 respectively. Again 
only the 300 mean was significantly different from each one seh ene 
others (p<0.00001). 

Mean Number Wrong (Overt Errors) per Trial. The means were as 
memows: 0.03,,0.06, 1.25, and 0.71 for the 100, 200, 300, and 400 lists 
respectively. Again the same pattern is repeated; however, the differ- 
ences are not as highly significant. The difference between 100 and 300, 
and between 400 and 300 is significant at the 0.01 level (p<0.0002, 
p<0.002 respectively). However, the difference between 200 and 300 
barely reaches significance at the 0.05 level (p<0.045). 

| Mean Number Wrong (Omission Errors). More errors of omission 
were made than of commission, the means being 0.96, 1.09, 2.40, and 1.55 
for the 100, 200, 300, and 400 lists respectively. Again the difference 
between 100 and 300, 200 and 300, and 400 and 300 were highly signifi- 
cant (p<0.00001, p<0.00001, p<0.001 respectively). However, the differ- 
ence between 100 and 400 was also significant, p<0.03. 

Summary. The differences between the means for the four levels 
of the similarity variable were not large enough to reach significance; 
however, the means do go in the expected direction, that is, performance 
tends to improve with increased similarity and/or OP. The lack of 
differences may be attributed to the two minute learning 


Significant 


time interval per trial which was too long to permit for finer differ- 


entiations in performance. As far as formal similarity is concerned 
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the results were reasonably conclusive in indicating that the variable 
is not related in any consistent way with performance. 

A subsidiary examination was carried out on the first five learn- 
ing trials so as to determine the nature of the performance in the ini- 
tial stages and to relate this to the variables of interest. The mean 
number correct, the mean number of overt errors, and the mean number of 
omission errors for each trial are given in Tables 16, 17, and 18 
respectively. 

The mean number correct as a function of trials is plotted in Fig- 
ure 6. The relationship between lists and order becomes very clear after 
the second trial. On all five trials, lists and order are significant at 
the 0.05 level. Figures 7 and 8 show the relationship for the S lists and 
R lists separately, while Figures 9,10 and 11 compare each of the lists 
with the 300 list. An examination of Figures 9, 10, and 11 indicates the 
consistent superiority of the ordered list on all five trials. Further- 
more, Figure 10 shows the greater impact of randomization on the 200 list, 
and the somewhat lesser effects on the 100 and 400 lists (Figures 9 and 
11). In comparison the effect on the 300 list is small. In terms of for- 
mal similarity lists 100, 200, and 300 were equally high; nevertheless 
consistent differences indicate that for high formal similarity, perform- 
ance can be superior to the 400 list or inferior to it (Figures 7 and 8). 

The relationship between high OP and moderate OP did not come 
out clearly and in fact the 2005S list (moderate OP, moderate similarity) 


was consistently superior to the 100S list (high OP, high similarity), 


while in the R condition the reverse was true. Consequently, the over- 


all difference between the 200 and 100 lists is not significant on any 


trial at the 0.05 level. In order to determine the cause of this 
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THE (MEAN) NUMBER CORRECT IN EACH LIST x ORDER CONDITION 


TABLE 16 


FOR THE FIRST FIVE TRIALS 


sey) 


$93 


LOS 


10. 


293 


.90 


Trials 


10% 


10% 


10. 


203 


. 60 


-50 


ei, 


ESt 


(ara Saag 


152 
TABLE 17 


THE. (MEAN) NUMBER WRONG (OVERT ERRORS) IN EACH LIST x ORDER 
CONDITION FOR THE FIRST FIVE TRIALS 


Trials 
List & 

Order ne 2 3 4 5 

1008 1.27 0.53 0.33 0,86 0.03 
2008S 1.58 0.87 0.27 0.03 0.03 
3008S 293 205 1.00 1.07 0.97 
4008 1.23 0.70 0.37 0.40 0.20 
1OOR 0.53 0.90 0.53 0.37 0.40 
200R 1.30 0.93 0.87 0.43 0.40 
300R 1.90 1738 1.40 1.57 1.30 
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TABLE 18 


THE (MEAN) NUMBER WRONG (ERRORS OF OMISSION) IN EACH LIST x ORDER 
CONDITION FOR THE FIRST FIVE TRIALS 


Trials 
List & 
Order 1 2 3 4 5 
1008S Le 0.80 Ons 10 0.00 
2008S 1220 Gno3 0.07 0.00 0.00 
3005S 4.63 3.50 Zale a ANE 1.63 
4008S oy) Le 2) O.57, ORZ0 0.03 
1LOOR D510) 1.40 0233 0.43 ORL 7 
200R sige) Deed SAS) 0.80 0.30 
300R ey Y) 4.70 3°10 ZO i 
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The (Mean) Number Correct on the First Five Trials for 


Figure 6. 
Random (R) and Ordered (S) Lists. 
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Figure 7. The (Mean) Number Correct on the First Five Trials for the 
Ordered Lists. 
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Figure 8. The (Mean) Number Correct on the First Five Trials for the 
Random (R) Lists. 
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Figure 9 The (Mean) Number Correct on the First Five Trials for Lists 
100S, 100R, 300S, and 300R. 
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Figure 10. 
Lists 200S, 200R, 300S, and 300R. 
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Figure 11. The (Mean) Number Correct on the First Five Trials for 
Lists 400S, 400R, 300S, and 300R. 


160 
inversion, the performance of each sex was examined separately for lists 
100 and 200. Figure 12 indicates that there were no significant differ- 
ences (at 0.05) in sex for the 200 list while order was significant on 
all trials at the 0.01 level. On the other hand, for the 100 list (Fig- 
ure 13) order was not significant (at O%05) on all trials except trial 
#5 while sex was significant (at 0.05) on all trials except trial #3 and 
5. A comparison of the number correct for the 200 list (Table 16) with 
the performance of the female Ss a the 100S list (Table 19) indicates 
that the two performances are almost indistinguishable. On the other 
hand, the performance of the male Ss is consistently inferior on the 
100S lists as compared to the 200 lists. Thus the inversion can be 
explained on the basis of sex differences.? 

The difference between the 400 list and the others is only sig- 
miticant on trial #1 with list’ 100 at the 0.01 level, and with list 300 
at the 0.0001 level on all five trials. 

In summary, the relationship between performance and OP, although 
not significant at all times, supports the previous trend that as OP 
increases so does performance; however, the differences in OP have to be 
relatively large as is the case between list 300 and 400, between list 
300 and 100, and between list 300 and 200. The relationship with simi- 
larity parallels that of OP except for the 400 list where similarity is 
lower than for the 300 list but ee A: is compensated by the non- 


similarity based OP in the 400 list. Formal similarity, on the other 


3an analysis of variance was carried out for the three variables 
Sex proved to be a significant variable for 
trials to criterion (p<0.006), mean number correct per trial (p<0.02), 
and for mean number of errors of omission (5<0.002)5) Mean number of 
Overt errors was not significant, F<<l. The summary of analysis of 


variance is given in Appendix J. 


of sex by lists by order. 
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Figure 12, The (Mean) Number Correct on the First Five Trials for Male 


and Female Subjects for Lists 200S and 200R. 
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The (Mean) Number Correct on the First Five Trials for Male 
and Female Subjects for Lists 100S and LOOR. 
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Trials 
5 
9.47 10.87 11.00 11.93 12.00 
8.33 10.47 ing Lieoy 1193 
9.53 ‘NOTE 11.60 11.93 11499 
8.80 10.73 11.60 12.00 12.00 
5.80 6.73 8.00 8.47 9273 
4.40 5.93 7.60 8.60 8.87 
Eee KOON: 11.00 ee Ay 11.87 
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hand, has no consistent effect on performance. 

An examination of the number of omission errors as a function 
of trials showed the same general trend (Figure 14). The overt errors, 
on the other hand, did not decrease smoothly with increased learning 
trials but tended to fluctuate from trial to trial (Figure 15). jAn 
attempt to clarify the relationship (Figure 16 and 17) showed that while 
the graphs of the errors for the S lists were reasonably smooth the 
graphs of the R lists exhibited few errors on the first trial and more 
Berors On the second trial for the 400 and 100 list. But for the 300 
list an increase in overt errors occurred on trial 4. It may be con- 
jectured that this difference between the S and R graphs indicates a dif- 
ferent learning PyanetNe nanely se cthat Cie .s Seinethe sR Orce mst it Laan 
preferred to concentrate on learning a few items making mostly errors of 
omission while the Ss in the S order attempted to learn the list as a 
whole. However, the graphical data neither support nor refute such a 
speculation. The only basis for making it was the observation during 
the marking of recall protocols that initially the number of overt errors 
per number attempted was small, but as more items were written down 
(attempted) the number of errors (overt) increased. This was primarily 
observed in the 300R list. 

In general, however, the examination of the graphs for the overt 
errors suggests that a much more detailed and specific analysis must be 


made before the convolutions in the graphs can be adequately explained. 


The relationship, however, seems very complex and probably depends on 


a number of different factors such as learning style. 
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(Mean) Number 
Wrong (Omissions) 


300R « 
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1008S 
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2 3 4 5 
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Figure 14. The (Mean) Number Wrong (Errors of Omission) on the First 


Five Trials for Ordered (S) and Random (R) Lists. 
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(Mean) Number 
Wrong (Overt) 


Trias 


Figure 15. The (Mean) Number Wrong (Overt Errors) on the First Five 
Trials for the Ordered (S) and Random (R) Lists. 
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Wrong (Overt) 
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Figure 16. The (Mean) Number Wrong (Overt Errors) on the First Five 
Trials for Ordered (S) Lists. 
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The (Mean) Number Wrong (Overt Errors) on the First Five 


Figure 17. 
Trials for Random (R) Lists. 
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Analysis of secondary Data 


Learning Strategies 

One of the purposes of the Questionnaire was to examine the 
learning strategies used by the Ss. More specifically it was to deter- 
mine, first of all, the extent to which the Ss used strategies; second, 
the nature of the strategies; and third, the differences (if any) in 
the nature and use of strategies for the different list by order treat- 
ments. 

The table below gives the frequency (and percent) of the Ss 
reporting the use of one or more learning strategies as well as the 


number of Ss reporting that they did not use any strategy at all.4 


Number of Number of Ss Percent: of Ss: 
Strategies 
dh 143 Be peeks! 
2 63 2625 
3 24 10.00 
4 2 0.83 
0 8 3.33 
Total 240 Speeds, 


It is quite clear that the vast majority of the Ss (96.6%) used some 


sort of learning strategy to facilitate learning. 
The nature and frequency with which these strategies were used 


is summarized in Table 20. The strategies are divided into two types: 


e compiled on the basis of answers that the Ss 


Mi 
The data wer and 7 on the Questionnaire (Appendix F). 
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Ligh 
comprehensive and limited. As the name implies, 'limited strategies' 
are somewhat restricted in usefulness; nevertheless, their use by the 
Ss supports the hypothesis that Ss do attempt to structure the St0s in 
a list. 

From Table 20 it can be seen that there are basic differences 
between the strategies used by the Ss learning the 100-200 lists and 
the strategies used by the Ss learning the 300-400 lists. The major 
differences, of course, confirm the basic structure of the lists in 
terms of similarity. That is, the predominant use of similarity group- 
ing as the major and almost exclusive strategy in the 100-200 lists 
suggests that they are composed of highly similar items that could be 
structured into a pattern. On the other hand, the use of numerical 
grouping as a major comprehensive strategy in the 300-400 lists indi- 
cates that they are relatively unstructurable in terms of similarity. 
The numerical grouping strategy is characterized by a lack of a group- 
ing basis. Thus it may be inferred that it would be used only in lists 
that did not offer a better strategy. 

The effect of item order on strategy may be observed in the 
case of alphabetical order. In the S condition of the 300 and 400 
lists 16.7% and 40.0% of the Ss respectively reported the use of 
alphabetical order; however, under the R conditions not one subject 
indicated the use of this strategy. This suggests that a given item 


may mask a strategy and prevent it from being used. 


Coding by Spelling or Pronunciation 


Question # 8 of the Questionnaire required that the Ss list 
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Sror a discussion of ‘limited strategies' see Chapter 6, p.133. 
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all the CVC's and indicate if they learned a given CVC by spelling it or 
by pronouncing it.® ‘The results indicated that all lists were learned 
by both methods. The data are presented in Table 21 in percent form. 
(The raw data are given in Table 24, Appendix I). 

For the 100 list four trigrams (xuv, ZOH, ZOS, and ZOJ) were 
spelled by at least two thirds of the Ss. The exact percentages ranged 
from 66.74 for XUV to 73.3% for ZOJ. Eight trigrams were spelled by 
approximately half of the Ss (percentages ranged from 41.7% for HOZ 
and JOZ to 55.0% for KUV). In all cases the number of Ss spelling a 
given trigram exceeded the number that pronounced it; however, at times 
the difference was less than 52. 

In the 200 list, the same pattern was repeated. Four trigrams 
(XUV, ZOH, QIF, QIJ) were spelled by 60.0% or more of the Ss. The 
exact percentages ranged from 60.0% for XUV and ZOH to 70.04 for QIJ. 
Eight trigrams were spelled by approximately half of the Ss (46.7% for 
VUK and SOZ to 58.3% for ZOS). In all cases the CVC's were spelled by 
more Ss. 

In the 300 list five CVC's were pronounced by at least 60% of 
the Ss. The trigrams were the followings: ZLV, Gle/22eV0H soo. 7 
VUK and HUZ, 71.7% each; and FUX, 78.3%. Five other trigrams (KUJ, 
IF, OLS, QOS; ae XOQ) were spelled by at least 604 of the Ss. (OLS 72 Co 
75.0%). The two remaining trigrams were split half and half. JIH was 


spelled by 51.7% of the Ss while SOZ was pronounced by 58.3% of the Ss. 


erae some trigrams the Ss either did not specify the code or 
indicated that they used both codes. The percent frequency of such 
instances for each trigram (designated as U in Table a es not 
exceed 20%, for any given trigram except for four CVC s in the 208 tise 
(FIQ, XUV, JIQ, and S0Z). The latter, however, did not ata 30%. : 
The actual distribution (number of Ss) is given in Tabi ests pie De 
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In the 400 list the re ooaeton was more complex. The largest 
group consisted of five trigrams that were pronounced by at least two 
thirds of the Ss. These were VAW, 66.7%; ZOS%, 68.37 57 VUKS 70.0Z> BOR, 
78.3%; and NID, 81.7%. Two trigrams (QIJ and GYX) were spelled by 
61.7% and 73.3% of the Ss (respectively). Two trigrams (CEH and TEH) 
were treated differently by the female Ss in the R list order condition 
(Table 22). 66.7% spelled CEH and 60.0% spelled TEH. In all the other 
treatments (S and R, male; S, female) approximately 60.0% of the Ss 
pronounced each of these trigrams. Another CVC that was treated dif- 
ferentially was LAJ. In the S condition 73.3% of the female Ss pro- 
pounced it while 66./Z of the male Ss spelled it. In the R condition 
Dow ee OLpihe male Ss pronounced it while 53.37; 0f the female Ss 
spelled it. 

In summary, the results indicated that whereas the 100 and 200 
lists were primarily spelled the 300 and 400 lists were primarily half 
pronounced and half spelled. Furthermore, it was found that some CVC's 
were treated differently under different list order conditions, and 
that there were sex differences for three trigrams. 

Context Effect. A number of trigrams appeared in more than one 
list; thus it was possible to observe any effects due to list context 
on the coding mode used by the Ss (Table 21, p.1/3 and Table 22,8p.176).. 

Eight trigrams were used in both the 100 and 200 lists. An 


examination of the frequency with which they were spelled in each list 


(Table 21) indicated that they were on the whole coded the same way. 


The only difference occurred for KUV and HOZ. In the 100 list they were 


spelled by 55.0% and 41.7% of the Ss respectively; however, in the 200 


list under R item order they tended to be pronounced. The largest 
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difference occurred for the female Ss (Table 22). Thus, while in the $ 
condition 86.7% of the females spelled KUV, in the R condition 60.0% 
of them pronounced it. A similar inversion occurred for HOZ. 

Two trigrams, ZOS and SOZ, also were used in the 400 and 300 
lists respectively. An examination of the frequency with which they 
were spelled (Table 21) indicated that whereas in the 100 and 200 lists 
they were spelled on the average by more than half of the Ss, in the 400 
and 300 lists they were primarily pronounced (68.3% of the Ss pronounced 
Z03 in the 400 list, and 58.3% of the Ss pronounced SOZ in the 300 list). 

The greatest effect, however, was observed for VUK which was 
used in all four lists (Table 21). In the 100 and 200 lists VUK was pro- 
nounced by less than half of the Ss (40.0% and 33.3% respectively); how- 
ever, in the 300 and 400 lists it was pronounced by almost three quar- 
ters of the Ss (71.7Z and 70.0% respectively). 

These findings seem to indicate that the context of a trigram 
may play an important role as to the way in which it will be coded. 
Consequently, a trigram may not be describable as either pronounceable 
or spellable without some reference being made as to the other CVC's 


that are to appear with it in a given list. 


Convenience of Item Order in the Lists 


One of the minor purposes of the Questionnaire was to determine 
if the Ss found the given item order inconvenient. The responses to 
this question ( #9) are shown in Tab Les oe 


The data indicate that more students found the R condition 


inconvenient than the S condition. In general between 6.7% and 16.7% 


of the Ss found the $ condition inconvenient, while between 30.0% and 


50.0% of the Ss found the R condition inconvenient. In terms of lists, 
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TABLE 23 


FREQUENCY DISTRIBUTION OF SUBJECTS 
FINDING ITEM ORDER INCONVENIENT 


List & Order Female Ss Male Ss Both (F & M) 
100 S en iLA isha LOZ07, 
100 R 60.0% 40.0% 50.0% 
200 S G207 33737 165 77, 
200 R oe Sy Sig WA 43)..37 
300: S D207 BB SZ RG 77 
BOOER 40.0% 26.01% Eis SA 
400 S$ shee Os0Z 6.77 
400 R BOe1s 13337 B0s07 
‘SUB-TABLES 
Se oe sn ee os ge eee 


ee 


100 $ Ge absaee 100 R 60.0% > 40.0% 
200 $ 00733700 | 200 R Bone ee 
300 S 6.074 33007 300 R 40.0% > 26.7% 
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the R condition was most inconvenient for the 100 and 200 lists and 
less so for the 300 and 400 lists. That is, the lists with higher 
degrees of similarity (and OP) tended to be more inconvenient under R 
condition than the low similarity (and OP) lists. 

The same relationship held for each sex; however, the female 
Ss in all lists rated the R condition more frequently as inconvenient 
Siam the male Ss. That.is, while 40.0%, 33.3Z;_26.7% and 13.3% of 
the male Ss indicated that the R condition of the 100, 200, 300, and 
400 lists respectively was inconvenient, 60.0%, 53.3%, 40.0%, and 46.7% 
of the female Ss indicated inconvenience for the R order in these 
lists respectively. The second Sub-Table on p. 181 presents this data 
in summarized form. 

For the S item order, on the other hand, the male Ss reported 
inconvenience more often than the female Ss except in the case of the 
400S list where again more female Ss (13.3%) Poet seen Ueeoa venience 
than male Ss (0.0%). 

Attempts to relate the frequency of reported inconvenience for 
the sexes to performance were not successful. However, overall reaction 
was found to be related to general performance. That is, R order was 
inconvenient and it resulted in the poorer performance relative to the 
Within each order, however, there was no 


more preferred S order. 


consistent relationship since, for example, the 100R list netted 50.0% 


inconvenient reaction as compared to 33.3% for the 300R lists; yet the 


100R list resulted in better performance than the 300R list. 


Summary 


In general, the findings may be taken as supporting all four 
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hypotheses. More specifically they may be summarized in the following 


points. 


1. It was found that a high degree of overall list similarity (OP 
defined) tended to facilitate learning. In terms of the number of 
trials to criterion, the lists high and moderate in similarity were 
learned significantly faster than lists with a limited degree of simi- 
larity (p<0.00001). Furthermore, the high and moderate similarity lists 
were learned better than lists consisting of almost all different items; 
however, the difference did not reach significance at the 0.05 level. 
The same results were obtained for other performance measures: mean 
number correct per trial, mean number of overt errors per trial, and 
mean number of omission errors per trial. In the last measure the dif- 
ference between the very high similarity list and the different item 
list reached significance at the 0.05 level (p<0.03) with the very high 
similarity list yielding the superior performance. This may be taken 


as support for Hypothesis IV. 


2. It was found that organization of the items in the lists tended to 
facilitate recall. The performance of the Ss in the S conditions was 
significantly superior to that of the Ss in the R conditions in terms 

of the number of trials to criterion (p<0.0002), and mean number correct 


per trial (p<0.03). This may be taken as support for Hypothesis III. 


3. The effect of formal similarity on learning was observed to be not 


systematic. The 100, 200, and 300 lists were equally high in formal 


similarity but resulted in superior and inferior performance respectiv- 


ely. (The differences between 100 and 200 were not significant). 
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4° Ehe nature of the strategies used reflected the basic structure of 
the lists. The high-moderate similarity lists were organized on the 
basis of similarity; the low similarity lists were organized primarily 
TPES tis of numerical grouping and alphabetical sequence.” *Similarity 
grouping in the low similarity lists occurred only as a limiting 
strategy. However, it was used extensively (43.3% to 70.0%). This may 
be taken as support for Hypothesis II that similarity has a potential 


toeserve as a basis for organization. 


5. The almost exclusive use of similarity as an organizational tool in 
the 100-200 lists and its use as the most frequent limiting strategy in 
the 300-400 lists Gatcates that similarity may serve as a basis for 
organization. This may be taken to mean that similarity has OP which 


would support Hypothesis II. 


6. The large percentage of Ss (96.7%) reporting the use of one or more 
learning strategies indicates that Ss do not primarily learn by rote. 


This may be taken as support for Hypothesis I. 


7. The effect of item order on the use of strategies was observed in 
the case of the alphabetical-sequence strategy. In the R condition this 
strategy was not used while in the S condition it was used to some 
extent (16.7% to 40.0%). This may be taken as indicating that a given 


item order may mask the perception of a given strategy and therefore 


preclude its use. Such an effect was not observed with the more promi- 


nent similarity grouping strategy in the high-medium similarity lists. 


8. The convenience of a given item order for the Ss was found to be 


related at a gross level to performance. The R item order was consis- 
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tently reported as inconvenient by more Ss than the § item order. The 
maximum difference occurred in the case of the 100 list (40507). En 
each list there was an indication of a sex difference. The female ss 
generally reported the R order more frequently as inconvenient than 
the male Ss. In the S condition the reverse was true. These sex differ- 


ences, however, could not be related in a systematic way to performance. 


9. One set of lists (100-200) was primarily coded by spelling the 
items; another set (300-400) was coded approximately half by spelling 
and half by pronunciation. However, the performance on the first set 
of lists was superior to that on the second set. Therefore, pronounce- 
ability per se cannot be considered as leading to a better performance. 
The existence of a context effect indicated that the coding of a CVC 

as a spellable or pronounceable unit depends on the other items in the 


aist:. 


In conclusion, the data indicate that Ss are active organizers 
who Breast to structure the material that is to be learned; that 
organization facilitates learning; that similarity may be successfully 
used as a basis of organization; and that a high degree of similarity 


(OP defined) facilitates learning under free learning conditions. 
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Chapter 8 
DISCUSSION 


The present study defined overall list similarity in terms of 
organizational potential (OP) and therefore the findings will be dis- 
cussed in relation to the three parameters of OP. 

| The difference in performance on the 100, 200, and 300 lists 
may be characterized in terms of the difference in the parameters of 
similarity based organizational potential (OP). The 100 list provides 
very few alternatives for grouping; that is, there is only one major 
structuring scheme available: VU, ZO, mirror-images of VU, and mirror- 
images of ZO. The 200 list provides two competing alternatives. The 
items could be grouped either into mirror-image pairs (VUK-KUV), or 
on the basis of common letters (VUK, VUX). An examination of the 
recall protocols of the Ss showed that they tended to vacillate between 
these two groupings from trial to trial. Nevertheless, this did not 
seem to affect the overall performance of the 200 group. The reason 
for this may be that both types of groupings could be combined into 


one more comprehensive grouping, that is, VUK-KUV 
VUX-XUV. 


In fact, on the Questionnaire 28.3% of the Ss reported using such a 


scheme. In the 100 list no such vacillation was observed. From the 


very beginning Ss ‘Selected one mode and used it consistently. Although 


technically speaking, there were two modes available, one was much more 
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obviously comprehensive than the other (grouping items into threes 
was better than grouping them into twos). In the 200 list the common 
letters and the mirror-image groups yielded only groups of two items 
each, hence the vacillation. 

In the 300 list there were very many competing groupings 
possible and there were no clear cut lines of demarcation among them 
(high complexity). Thus, while in the 100 and 260 lists the Ss could 
decide relatively easily on the structuring scheme, in the 300 list 
there were just too many alternatives available and none were entirely 
satisfactory. For example, VOF and VUK could be grouped together on 
the basis of the common 'V', or VOF could be grouped with QOS, X0Q, and 
SOZ on the basis cf the common vowel. Alternately, QOS and QIJ could 
be grouped together on the basis of common first letter but QIJ could 
also be grouped with KUJ on the basis of a common last letter. Finally, 
some of the CVC's could also be grouped on the basis of pronunciation 
rather than on the basis of letter comunality. As can be seen the 300 
list provides innumerable grouping alternatives, none of which are 
clear cut and mutually exclusive, nor is the relationship between the 
alternatives systematic. Consequently, the complexity of tne List. is 
very high. Furthermore, any attempt to form comprehensive groups leads 
to the formation of disjunctive rather than conjunctive groups and 
Bveularity=1s not transitive in disjunctive groups. For example, QIJ, 
QOS, and KUJ could be grouped together on the basis of the following 


° cf E 7 i i i the last 
Broupine=rule:\ "common Q in“the first position, or common J in 


viw i tisfactory as a compre- 
position’. Such a rule, however, is not as sa y P 


hensive conjunctive rule. In general, conjunctive groupings are Pre~ 
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Puere is a multiplicity of primary grouping schemes available, the 300 
list was learned much more slowly than the other lists. This may be 
taken as an alternate explanation of what was usually explained on the 
basis of interference and stimulus generalization. Such an explanation 
does not require a mechanistic conception of the Ss but explains inter- 
ference while considering the Ss as cognitive beings. 

In the 400 list there are very few groupings available and 
the list is basically quite different from both the 300, and the 100-200 
fee Orelist.. In fact, it is not at all certain that all #four lists 
are on the same continuum. Lists 100-200 and 400 may be regarded as 
being approximately at the vertices of a three dimensional space with 
performance as the vertical axis. As one goes from high similarity 
(OP based) to total difference it should be possible ae en 
Reduce thessimilarity to nil -but still to maintain its regular character, 
that is, to decrease OP in terms of groupability and comprehensiveness 
while maintaining complexity at a constant minimal level (as in 100-200, 
but not in 300). Alternately, it should be possible to start with 
os Oe list which is visualized as being at a different vertex from 
that of the 100-200 and 400 lists (see Figure 18), and to decrease 
complexity while maintaining the same level of comprehensiveness and 
groupability and to arrive at the 400 vertex. Finally, by changing all 
three ag may be possible to go from 300 to 100-200. In other words, 
it is possible to view the 100-200 and 400 lists as approximately equal 


in complexity (generally low) and groupability (generally high), but 


varying in comprehensiveness. On the other hand, the 300 and 400 lists 


may be considered as approximately equal in groupability (generally high) 


and comprehensiveness (generally low), but differing dn complexity. 
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COMPREHENSIVENESS 
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ay 
Low High 
| By 
GROUPABILITY 
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Figure 18. Diagramnatic Representation of the Lists in Terms of the 
Parameters of OP. 


PERFORMANCE 100--200 


COMPREHENSIVENESS 


COMPLEXITY 
Figure 19. Performance on Experimental Lists in Relation to the Degree 
of Complexity and Comprehensiveness at a Common Level. of 
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The groupability in all cases is considered as high since it was 
possible to find a basis on which the items could be grouped into sets 
of three or four. (The square root of n, where n is the number of 
items, is regarded as being the number of groups yielding the highest 
degree of groupability).- 

Consequently, there is no reason to expect performance to 
decrease from 100-200, to 300, to 400 (see Figure 19). The relation- 
ship to performance may be understood in ae of projections from 
three dimensions onto two by considering only the difference in perform- 
ance between 300 and 400, or between 400 and 100-200. A comparison 
between 300 and 100-200 would involve variation in two parameters 
simultaneously, namely, comprehensiveness and complexity. 

So far studies in verbal learning using nonsense St0s have 
explored the 300-400 continuum, while at times straying towards the 
100-200 vertex. As a result they have obtained seemingly contradictory 
results since the 300-400 continuum and the 400-(100-200) continuum lie 
along different axes, and the data cannot be interpreted on the basis 
of one axis only. 

In subsequent studies it should be profitable to keep this 
relationship in mind and therefore, to vary overall similarity by varying 
only one of the parameters of OP. 

In general it may be predicted that performance will be better 


at high degrees of groupability, with high degrees of comprehensiveness 


kin this interpretation the alphabetical basis for /OP 
in the 400 list is not being differentiated from a similarity base 
since performance is being explained. Fontherno te) there eer . 
always be some other base aS a confounding factor in lists aes 
attempt to be 'different' since in such circumstances any wea ase 


becomes prominent. 
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and with low degrees of complexity (that is, at a4 high degree of — 
similarity). 

This statement, of course, assumes that the comparison among 
performances for different levels of similarity will be made at common 
levels of detail since St0s which require that organization occur at 
a low level of detail are not as easily learned as those which are 
organizable at a grosser level of detail. Thus, it is not very useful 
to compare the performance on meaningful words with that on nonsense 
words, except as an illustration that learning is easier at grosser 
levels of detail than at finer levels of detail. Similarly, lists 
which require Ss to organize on the basis of similarities among letter- 
shapes or letter-sounds are at a lower level of detail than lists which 
can be organized on the basis of common letters; that is, treating 
letters as the units of comparison rather than their individual shapes 
or sounds. 

Therefore, if a common level of detail is assumed, performance 
should vary directly with similarity, keeping in mind the three para- 
meter nature of OP in terms of which overall list similarity is defined. 

In the present study it was also indicated that performance 
is a function of the learning conditions. The relationship between 
performance and the two variables of similarity and learning conditions 
may best be described in terms of pictorial representations. Figures 
20 and 21 show the possible interactions. As the learning conditions 


become more free, permitting the Ss to organize the St0s, performance 


will improve for a given set of St0s. However, as similarity varies 


the performance will depend on the type of learning conditions selected. 


If these are permissive or free as in the present study, then 
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Figure 20, Relationship Between Performance and Learning 
Conditions for a Given Set of St0Os. 
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Figure 21. Relationship Between Performance and OP Defined 
Similarity Under Different Learning Conditions. 
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performance will improve with an increase in slint larity; “but “leche 
learning conditions are highly restrictive, then an increase in 
similarity (OP based) may not necessarily lead to facilitation. The 
exact relationship between the variables can be determined experimentally 
in subsequent research. The determination of the pivotalpoint “A*’ in 
Figure 21 should also be of theoretical interest since in that general 
range it would be possible to obtain equally good performance under 
different learning conditions. 

The predicted relationship between learning conditions (free 
versus restrictive), however, must not be confused across different 
Hearning tasks, that is, across P-A, serial, and free recall. Although 
it is true that the latter is the freest in terms of opportunity to 
organize while the first is most restrictive, nevertheless, the learning 
tasks are quite different and thus any application of the predictions 
must be modified with respect to these differences. 

Essentially the P-A, serial, and free recall tasks have a 
different purpose and involve different goals. In a P-A experiment the 
task of the Ss is, essentially, to learn new labels for a set of stimuli. 
This may be regarded as the very simplest type of concept learning (not 
concept attainment), namely, labelling. Any difficulty experienced by 
the Ss is not necessarily due to similarity per se, but to the learned 
habits developed since childhood in language learning. Generally, for 


¢ q q 2 1h 
example, a child learns to respond cat toa large variety of relatively 


7 ° e 2 rs 
different St0s since 'cats' come in many different shapes and colours, 


j i - k the first 
ranging from house cats to jungle cats. Thus, in a P-A tas 


problem encountered by the Ss is the need to work at a very fine level 


Sepaetall. ard the finer the level the more difficult the task. The 
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general set of the Ss is to classify StOs in terms of rather large 
classes. In the P-A task the problem is complicated since the Ss are 
only given one exemplar of each 'concept' for which they have to 
learn the label. Consequently, any similarity in the stimulus set 
will tend to force the Ss to organize at a lower level of detail. 
However, this depends on the nature of the similarity in the stimulus 
and response set. For example, similarity between a given stimulus 
and its corresponding response will facilitate learning; on the other 
hand, similarity among the stimuli may at times be used for grouping 
the stimuli together. Both Underwood (1961, p. 214) and Runquist (1966) 
have proposed this as a possible explanation for findings which are 
not quite consistent with interference theory. Runquist states: 

...-learning may be conceptualized as consisting of response 
learning, discrimination, association, and, in the case of 
high-similarity pairs of stimuli, the association of the particular 
responses which go with each pair of similar stimuli; i.e., S 
may learn that WIH and WIJ go with "wagon" and "insect" but 
not know which is which. if this latter “phase were retatively 
complete by the time response learning had been accomplished, 
it might reduce the effects of list length by changing the 


task from one of learning 16 separate associations to simply 
learning eight discriminations (p. 11). 


Consequently, any regularity which may be used by the Ss_ will 


tend to facilitate learning. Since similarity (OP based) provides a 


good basis for organization the presence of a high degree will tend to 
facilitate, and a low degree will tend to hinder learning as long as 


both are compared at equal levels of detail at which the Ss have to 


work. 


In serial learning experiments the task is different in that 


the Ss have to learn not so much the items but the sequence that they 


are to form. This is akin to learning the alphabet or a telephone 


number. Thus, high similarity (OP based) should tend to facilitate 
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learning since it would provide patterns of regularity which the Ss 
could use to structure their recall. If the Similarity is low (as in 
the 300 list) learning should be very difficult since there would be 

too many available relationships possible, none of which could be used 
to structure the list into a comprehensive whole. When a list possesses 
no similarity, other bases of OP may be used, the most common being 
alphabetical order, and performance would depend on the adequacy of 

Paes built in_OP. 

In a free learning experiment the learning task is the actual 
learning of the items and therefore it is most closely related to the 
learning of new things, not just new labels for old things. A free 
learning task is facilitated by a high degree of similarity (OP based) 
and retarded by low similarity per se since in the former thé Ss may use 
the regularity provided by the similarity to structure the material into 
an integrated whole. In other words, highly similar material, because 
it can be structured, can be learned faster than material which is 
different. 

This, of course, has significant applications to the school 
situation, particularly to the learning of science where similarity 
is such a ubiquitous phenomenon. 

However, any direct application of experimental or 'laboratory' 


findings to the real class-room situation has to be made with great 


caution since the learning conditions and materials are rather different 


in each case. Nevertheless, an experimental study may serve the purpose 


of identifying variables that should be regarded as possibly significant 


in the applied type of learning experiments. Also, such research 


should be able to point out the trends or effects that might be expected. 
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Of course, the better understood a phenomenon is the more easily it 
Hs to apply to different conditions, and to predict more accurately 
its possible effects. 

Similarity has tenn explicated to such an extent that it 
seems possible to predict what its effects might be on learning in a 
class~-room setting. The study, first of all, indicated that similarity 
is ubiquitous and has potential for organization (Proposition ys 
second, it indicated that regardless of the meaninglessness of the task 
the Ss must be regarded as active strategy seeking organisms (Proposition 
I and the analysis of secondary data); third, the study showed that 
organization facilitates learning (Proposition III and examination of 
the order variable by experiment); and fourth, that a high degree of 
similarity (OP based) will facilitate learning. 

On the basis of the present study, the variables that may be 
significant in class-room research are the following: the purposive 
behaviour of the Ss in seeking learning strategies, the impact of 
restrictive learning conditions which curtail such behavior, the 
importance of organizational potential of the material, and the facili- 
tative effect of similarity in serving as a means of integrating ideas, 
concepts, processes, facts, etc. into comprehensive wholes. 

It may be hypothesized that school children will learn faster 
under conditions which provide them with a maximum degree of freedom to 
structure what they are learning regardless of whether it is a set of 


facts or lawful relationships discovered in experiments. Furthermore, 


that children may be regarded as having a set to seek regularity and 


structure and to relate ideas into conjunctive hierarchical groups, 


rather than to learn these by rote without relating them in any way. 
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However, in order for them to do so the learning conditions must be 
right and similarity must be high rather than low. 

This suggests that a useful task of applied research would be 
to determine the turning point at which similarity starts to facilitate 
learning by providing sufficient basis for organization. At low levels 
of similarity hindrance may be expected because of the complexity para- 
meter of OP. 

As a result of such applied research it should be possible to 
structure science learning experiences in such a way that it would 
maximize creative and inductive beharior on the part of the students. 
This is desirable since it would give the students some idea of the 
actual behavior of scientists and of their activity. As a result the 


students might be provided with a useful model of thinking and learning. 
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APPENDIX A 


Definitions and Abbreviations 
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DEFINITIONS AND ABBREVIATIONS 


CCC - a trigram (nonsense syllable) consisting of three consonants 
CC) BSs oe SCXT. 


COMPLEXITY - the degree and quality of the multiplicity of available 
alternatives for the formation of primary and secondary groups 
in a list (see pp. 123-124). 


COMPREHENSIVENESS - the degree to which all the items in a list can 
be encompassed in one simple coding statement (see pps, 121-123), 


CONTEXT EFFECT - the influence that all the items in a list have on 
the choice of coding mode (spelling versus pronunciation) that 
will be used in learning a given item in that list (see pp. 171- 
179) ® 


CVC - a trigram (nonsense syllable) consisting of a consonant CG)s 
vowel (V), and a consonant (C), e.g. VOF. 


E - the experimenter 


ENVIRONMENTAL CHARACTERISTIC - a property that relates the St0 to the 
environment. For example, an environmental characteristic of 
the ot. “table, 1s’ that it°is located in a-dining room (see 
pp= 35-36). 


- FORMAL SIMILARITY ~ the number of common letters (elements) per list 
(seewp. 255 and ps £20). 


GROUPABILITY - the potential of grouping the items in a list into more 
than one group of all n items, and into less than n groups 
of one item. Maximum groupability is n, where n is the number 
Of mrens in’ the list (see p. 121) 


H£S —- high formal similarity 
HOP - high organizational potential 


INTERNAL ORGANIZATION - the sequential constraints and spatial coor- 
dinates existing among the elements of a St0 (seep. 110)% 


INTRINSIC CHARACTERISTIC - a property displayed by the St0O itself 
(see pp. 35-36). 


LEV i i arison. or 
EVEL OF DETAIL ~ the degree of refinement in a comp F 
example, at a gross level of detail a tiger and a house cat 
> 


may be regarded as similar; at a fine level of detail an 
angora cat and a siamese cat may be regarded as different 


(see pp. 48-50). 
L£S - low formal similarity 


LOP - low organizational potential 
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OP - organizational potential 


ORGANIZATIONAL POTENTIAL - a potential for organization tis satd ito 
existein a list-of the: items #f the Iitct can be grouped 


(organized) into a pattern or into classes (see pp. 64-72, 
and pp. 121-124). 


OVERALL LIST SIMILARITY - the degree of OP-defined similarity in a 
list as a whole (see also similarity, pp. LIG=EiES andes eh 2 lore 


OVERALL SIMILARITY - see overall list similarity 


PAIR-WISE SIMILARITY - the similarity between two items in a list with 
the degree of similarity being determined by the number of 
common elements (letters) in common positions with common 
sequential constraints (see pp. 114-118, and pp. 120-121). 


R ~- (as in 100R, 200R, 300R, and 400R) - random list - a list designated 
as R is one in which the item order (sequence) was determined 
on the basis of a table of random numbers (see pp. 125-130). 


Bae (as an 100S, 200S, 300S, and 400S) - ordered list = a list 
designated as S is one in which the item order (sequence) 
selected emphasized a built in organizational potential (see 
pp. 125-130). 


S, Ss - subject, subjects - the learner(s) in a verbal learning 
experiment. 


SEQUENTIAL CONSTRAINTS - the relationship between a given element in 
a StO and the following element in that St0O (see pp. 107-109). 


SIMILARITY - similarity defined in terms of organizational potential, 
and therefore, variation in the degree of similarity would be 
directly related to the variation in the degree of organizational 


potential (see Chapter 5, and pp. 120-124). 


SPATIAL COORDINATES - the location of the elements in a given St0 
relative to some frame of reference (see also spatial relation- 


ships and pp. 107-109). 


SPATIAL RELATIONSHIPS - the pattern formed by the common elements in 
a StO (see also spatial coordinates, pp. 41-43, and pp. 107- 


109). 
St0, StOs - stimulus object(s) 


STIMULUS OBJECT - any physical object, word, or abstract idea, etc. 
The symbol, St0, is parallel to x in mathematics. 


TRANSITIVE - (as in a transitive relation) - a relation which has the 
“property that 4£ A bears the relation to B and B bears the same 


relation to C, then A bears the relation to C (see p. 44). 
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TRANSITIVITY - see transitive 
W-METHOD - see whole method of presentation 
W-PRESENTATION - see whole method pf presentation 


WHOLE METHOD OF PRESENTATION - a simultaneous presentation of all the 
items in a list (see pp. 83-86). 
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APPENDIX B 


Supervisor's Introductory Remarks 


to the Subjects 


Supervisor's Introductory Remarks to the Subjects 

Prior to the Learning Experiment the Supervisor made a 
number of general remarks which may be summarized as follows: 

1. This is a learning experiment and not a test. 

2. No special preparation or Maowiedes is needed. 

3. It is a very important experiment and many such are con- 
ducted at universities and other high schools. 

4. The procedure may seem strange, but there are many good 
reasons for it; and it is hoped that the experience proves to be 
mperes ting. 

5. Any other information as to the experiment will be given 
at the conclusion of the session to those who are interested. 

6. After the results have been analysed a summary will be 
sent to all teachers and interested students may in this way get more 


details. 
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APPENDIX C 


General Instructions 


This is a specimen set of the instructions handed out to the 


subjects and read to them prior to the learning task. 
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INSTRUCTIONS 


This experiment is in two parts: 
Partiel : «Study and \Recal] 


Part 2: Questionnaire 


PART 1: Study and Recall 


The object of Part 1 is to learn a list of 12 nonsense words 
as fast as possible. For this reason all of you will be asked to 
use a rather special learning method which is described below. 


The nonsense words are also rather special. They all have 


3 letters, and in every case the first and last letter is a consonant 
while the middle letter is a vowel. For example, KIV,, .GUP DIV. etc. 


Learning Method 
I will say "Ready?" 
USTUDY' 


When I say "STUDY'' you will turn over the Word List and start learning 
the words. (You will have exactly 2 minutes). 


TMB" 


When I say ''TIME" you will turn the Word List face down and attempt to 
write out in the Practice Booklet as many of the words as you can 
remember. YOU MAY WRITE THE WORDS IN ANY ORDER. Before you start 
writing check to see that the Back-up-Sheet is directly under the page 
on which you are about to write. (You will have exactly 1 minute). 


EEME" 
When I say "TIME" you will stop writing and turn to the next blank 


page, folding the used one completely under the Practice Booklet. At 
this time you will also shift the Back-up-Sheet so that it is directly 


under the next blank page. 


Then I will say: "Ready?" 


uSTUDY> 


When I say "STUDY" you will go through the same procedure as above. 
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The whole cycle of studying and writing will be repeated five times 
by ALL students. After you have completed your fifth writing I will 
say: 

"TIME, CHECK YOUR WORK"! 


If you have all 12 correct you will go on to Part 2 (Questionnaire), if not 
you will continue for five more "STUDY-WRITE" turns. 


After you have completed your tenth writing I will again say: 
"TIME, CHECK YOUR WORK"! 


If you have all 12 correct you may go on to Part 2 (Questionnaire), if not 
you will continue for five more ''STUDY-WRITE" turns. 


After the fifteenth writing ALL students will go on to Part 2, even those 
that still do not have all 12 correct. It simply means that you were 
unlucky and got one of the very difficult Word Lists. All lists vary in 
eitficulty. 


IT IS VERY IMPORTANT THAT YOU STOP ONLY AFTER 5, 10, or 15 WRITINGS AND 
NOT ANYWHERE ELSE even if you are absolutely sure that you have a perfect 


score. REMEMBER DO NOT STOP EXCEPT AFTER THE Sth, 10th, or 15th writing. 


ARE THERE ANY QUESTIONS? 


Example 


Now let us practice the "STUDY-WRITE" Learning Method using the 
following four numbers: 
492 
638 
704 
498 


i klet for the writing part 
Please use pages A, B, and C in the Practice Boo 
of the cic. At this time your Practice Booklet should be open to page A 


and the Back-up-sheet should be directly under page A. 


REMEMBER: YOU MAY WRITE DOWN THE ITEMS IN ANY ORDER. 
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APPENDIX D 


Practice Booklet Specifications 


and Title Page 
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Practice Booklet Specifications 


Dimensions: 8 1/2 inches by 11 inches 
Contents: Title Page (Exemplar follows) 
18 blank pages 
one loose sheet called a Back-up-sheet 
Paper: Rapidrun 40M from the E.B. Eddy Company 
The instructions for the use of the Back-up-sheet appeared 
on the Title Page of the Practice Booklet. Its purpose was to en- 
sure that even when a S pressed very hard on one page the image 


would not pass through to the next page and interfere with unaided 


recall. 
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Code Name of Word List: 


PRACTICE BOOKLET 


As soon as you get this Booklet please take out the loose 
sheet of paper and label the pages inside as follows: 


Use the letters A, B, and C for the first three pages, 
and the numbers 1 to 15 for the rest. 


We will use pages A, B, and C for the example, and pages 
Ito 15 for the actual learming experiment. 


The loose sheet of paper is your Back-up-sheet. 


It should ALWAYS be directly under the page on which you 
are about to write. 
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APPENDIX E 


Experimental Lists: A Specimen Set 
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APPENDIX F 


The Questionnaire 
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PART 2: QUESTIONNAIRE 


1. Code Name of Word List 


2. Your age years 
5. Grade 


4. Sex: Male 


Female 


Please answer the following questions clearly, accurately, and in detail. 
Please write LEGIBLY. 


1. In learning your list did you notice any similarities among the 
words? Yes or no? If yes, please describe in detail 
what you noticed, give examples, and explain how you used it to 
help you to remember the words. 


If you answered 'yes' to question 1, please state WHEN you First 


noticed the similarities. Use the page number of the Practice 


Booklet to pinpoint the time. 
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Did you group any of the words into pairs or larger groups? 
Yes or no? If yes, please describe exactly and 
give examples. 


Did you use alphabetical order to help you to remember the 
words? Yes or no? If yes, explain how useful this 
was and if you used it for all 12 words. If you did not use 
Poser all 12, for which ones did you use alphabetical order? 


Did you remember some of the words because they were similar to 
real words? Yes or no? If yes, please list the 
nonsense words and the real words which they resemble. 


Did you try to make up a sentence using some of the words or 


the first letters of the words? Yes or no? <b) (hye 
please give the sentence you used. (If the sentence is not 
very polite please give it anyway: your name 1s not on any of 


the material). 
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By) in Studying the list which words did you learn by pronouncing 
or reading, and which did you learn by spelling out the letters? 
Please list the words under the appropriate heading. 


Words I learned by Words I learned by spelling 
pronouncing: out the letters: 


9. Did you find the order in which the nonsense words were written 
on the sheet to be inconvenient? Yes or no? If yes, 
please say what was wrong with the order, and show how you would 
have listed them. 


Now that you have finished the questionnaire please place . 
EVERYTHING into the envelope and tuck in the flap just as it was 


when you got it. 


Please DO NOT hand in the envelope until asked to do so at the 
end of the period. 


THANK YOU FOR YOUR HELP AND TIME 
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APPENDIX G 


The S-statistic 


THE O=o LAT ESTIC 


Statistical models are usually based on rather rigorous 
mathematical assumptions. In educational research the data are 
rarely ideal and often violate these assumptions to a certain degree. 
In the case of the F-test if the data do not meet one or more of the 
assumptions, it may be difficult to decide whether a significant Fis 
due to a real difference between treatments or whether it is due to 
the departure from the assumptions. 

For the present study, departure from the assumption of homo- 
geneity of variance was of particular importance and it was felt that 
the critical F-values should be checked. In his paper Bay (May, 1970) 
describes a computer program which simulates certain statistical 
models under the conditions of interest to the experimenter. Once the 
simulated empirical distribution of the F-test, denoted by S-ratio, is 
obtained from the data in question it may be used as a criterion for 
testing statistical hypotheses (Bay, 1970, p. 18). 

In the present study the variance matrices were the input data 
and the critical S-values were obtained from the computer simulation; 
however, in all cases the difference between the critical S-value and 
the critical F-value was not large enough to change any of the statis- 


tical decisions. Consequently, only the F-values are quoted through- 


out the study. 
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APPENDIX H 


4 One-Way Analysis of Variance: Schools” 


ONE-WAY ANALYSIS OF VARIANCE: SCHOOLS 


The Subjects 
An equal number of male and female Ss was selected from each 


school according to the following table: 


School Number of ss Total Number 
per treatment of Ss 
1. (Leduc) 6 48 
yeast, Albert) 8 64 
Beecotony Plain) 4 32 
144 


Within this framework the selection was random. The number 
of Ss per treatment in each case was determined by the cell with 


the lowest frequency. 


The performance measures lacking homogeneity of variance were: 


Trials to Criterion, Number Correct on Trial #5, and Number Wrong 


(Omissions) on Trial #5. 


Pradic. to Criterion 


SUMMARY OF ANALYSIS OF VARIANCE 


Source of Variation Ss df MS F ) 
nnn 
Schools 30.63 2 g Be ans v2 70s 80219 


1270.31 ted 2205 
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In this case F 9562141) is 3.06 while S 95 (2,141) Ds? 329% 
Therefore, with or without the correction an observed F of 1.70 is 


not significant at 0.05 level, 
Number Correct on Trial #5 


SUMMARY OF ANALYSIS OF VARIANCE 
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SSS a A 


Source of Variation Shs) df MS F Pp 
Schools F183 2 309) EEA: FOR S 
Error 487.78 141 3.46 


Homogeneity of Variance: y* is 12.71, p< 0.01 


In this case F g5 62> 141) 153.06 while ss 9562141) is'3.30% 


Therefore, in either case the observed F of 1.12 is not significant 


at the 0.05 level. 


Number Wrong (Omissions) on Trial #5 


SUMMARY OF ANALYSIS OF VARIANCE 


Source of Variation SS 


Schools oat 

Error 205.96) FAL 1.46 
eee ee 
Homogeneity of Variance: y? is 33.98, p< 0.001 
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In this case F 562,141) is 3.06 while S g5(2,141) LS oh Os 
Therefore, with or without the correction an observed F of 1.98 is 
not significant at the 0.05 level. 

In summary, the F values for the three measures are much too 
small to reach significance at the 0.05 level even under conditions 


of no homogeneity of variance. 
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APPENDIX J 


Analysis of Variance for Sex x Lists x Order 


TABLE 26 


SUMMARY OF THREE-WAY ANALYSIS OF 
VARIANCE FOR TRIALS TO 


CRITERION 
Source Of Variation SS df MS F 
A (Sex) 50.42 1” 50.42" "7. 845% 
B (Lists) 713.08 3 237.69 36.94%**xxx 
C (Order) 96.27 1 96.27 14,96%*%** 
AB 10.88 3 303 0.56 
AC 1,07 1 1207 ees 
BC 13800 3 Li Sa = Ost 
ABC | 14.90 3 LOT Or, 
Error 1140, 38) 224 6.43 


**k Significant at 0.01 level, p< 0.006 
*** Significant at 0.001 level, p< 0.0002 


x*KKX Sionificant at 0.00001 level 
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TABLE 2/7 


SUMMARY OF THREE-WAY ANALYSIS OF VARIANCE 
FOR MEAN NUMBER CORRECT PER TRIAL 


Source of Variance So df MS F 

A (Sex) | Tet 1 Lio. 6.01% 
B (Lists) 150,09 3 50.03 27,.29%*%% 
C (Order) 9505 i 20D 4.94% 
AB 4.02 SB 1.34 0.73 
AC 27135 ti Drei 1.6 
BC NAAT Es) 3 405 Zea ti 
ABC ei 3 4 ee Ps) 1.05 
ETrror 410.06 224 Tos 


* Sionificant at 0,05 level; p< 0.02 for A, and p< 0,03 >for ¢ 


*#*kKKK = Sionificant at 0.00001 level 


TABLE 28 


SUMMARY OF THREE-WAY ANALYSIS OF VARIANCE FOR 
MEAN NUMBER WRONG (OVERT ERRORS) PER TRIAL 


Sw ee ee eee 


Source of Variation ss df MS F 

A (Sex) 0.0027 0.0027 0.0048 

B (Lists) 1D. id 3 4.57 8,30***% 
C (Order) 0.10 1 OS10-— 0". 49 

AB 0.33 3 Oc.11> *0:.20 

AC O07, 1 0.0% 0512 

BC 0.37 3 O19) 0.85 

ABC 4.60 3 L393. 2d oe” 

Error 123,37. “224 0.55 


= Significant, ate0.05, level 


&kKK Sionificant at 0.0001 level, p<0,00005 
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TABLE. “29 


SUMMARY OF THREE-WAY ANALYSIS OF VARIANCE FOR 
MEAN NUMBER WRONG (OMISSIONS) PER TRIAL 


ne 


———_—. 


Source of Variation Sts) df MS F 
A (Sex) T1204 L0G 10g 7 es 
B (Lists) 16139 3 25.46 9 24,08%***ex 
C (Order) a2 L 12.502) AG = 
AB | Deoe 3 0745 0742 
AC ZO 1 gto os Se Pap tt 
BC 8.41 5 2.00 92.04% 
ABC Jeo) 3 0270; sO 366 

Error 236,87 224 1.06 


eeSi ona ticant “at -0.0)) Level 
*& Significant at 0.01 level, p< 0.002 
*#%%* Significant at 0.001 level, p< 0.0009 


axe Significant at 0.00001 level 
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APPENDIX K 


Orthogonal Comparisons 


ORTHOGONAL COMPARISONS 


Standard Error (Sample Calculation) 

According to Edwards (1960) the standard error of the weighted 
difference between the means is obtained by multiplying the error mean 
Square of the analysis of variance by the sum of the squares of the 
coefficients and dividing it by the number of observations for a single 


mean. In formula form this may be written as follows: 


2. 
[s : ape 
Standard error = ws ) a where a, is the coefficient, 
n n is the number of observations 


for a single mean, and 

is the error mean square of 

the analysis of variance. 
For trials to criterion the error mean square of the analysis 

of variance was 6.55 (Table 8, p. 141), and the number of Ss per cell 


was 30. For all comparisons the coefficients were +1 and -l. From 


the above formula the standard error for trials to criterion was found 


to be 


ee Le Sse 
30 


standard error = 0.66 


The t-statistic was cbtained by dividing each difference between 


the means by the standard error. The degrees of freedom for the t-sta- 


, Rtas : = 
tistic were 232, the number associated with s* of the analysis of vari 


ance. The difference between the means for the 100 list was -1.26 


= -1,92. ‘This*was not significant at 


thus the obtained t was 
the~0.01, level. (t em 2.60) nor at the O:0> level (t 95 = 1597). 


The calculations for all planned orthogonal comparisons were 


2 : 
done according to the above procedure and the resuits are summarized 


in the following tables. 
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Planned Orthogonal Comparisons 
Trials to Criterion 
Standard Error = 0.66 


Error Mean Square = 6.55 


List Mean for S Condition Mean for R Condition Obtained t 
100 247 Sa -1.92 
200 2,30 4.33 —-3.08** 
300 7.00 Tovd -1.16 
400 Shas} Poy} =e 


xx Sieniticant at 0.01; level. 


Mean Number Correct perelgral 


Standard Error = 0.35 


Error Mean Square = 1.87 


List Mean for S Condition Mean for R Condition Obtained t 
100 10.26 10225 Foe 
200 10.52 9.36 Binoy a 
300 8.26 Sea2 tL 
400 9.78 9.53 t<l 


** Sienificant at 0.01 level 


Mean Number of Overt Errors per Trial 
Standard Error = 0.19 


Error Mean Square = 0.55 


Last Mean for S Condition Mean for R Condition Obtained t 
1.08 
Oe D252 
ho Oc87 0.85 £<1 
300 23. A Nae Ar t<l 
Oc 2a t<l 


400 One 
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List 


100 
200 
300 
400 


a a 


Standard Error = 072 


Error Mean Square = 


Meam fox Ss (Gondition 


ps 


* 


0.86 
0.54 
2.26 
1.44 


Significant at 0.001 


Mean Number of Omissions per Trial 


7 


1.10 


Mean for R Condition 


OD 
1.64 
2.54 
isle 


Obtained t 


EN 
-4,Q04**% 
-1.04 
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